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ANNDAL REPORT OF THE BOARD OF REGENTS 



SMITHSONIAN INSTITUTION, 



THE OPERATIONS, EXPENDITURES. ASD CONDITION OF THE INSTI- 
TUTION UP TO JANUABT, 1864, AND THE PROCEEDINaS 
OF THE BOARD UP TO UARCH 16, 1664. . 



To the SefuUe and Souse of R^nvsentaiives : 

Id obedience to the act of Coogress of Augnat 10, 1846, establieli- 
ing the SmitfasoQiau Institation, the undersigned, in behalf of the 
Regents, sabmit to Congress, as a report o'f the operations, expeodi- 
tares, and condition of the Institation, the following docnments: 

1. The Anntial Report of the Secretary, giving an account of the 
operations of the Institution, daring the year 1863. 

2. Report of the Executive Conimittee, giving a general statement 
of the proceeds and disposition of the Smithsonian fund, and also an 
acconnt of the expenditures for the year 1863. 

3. Proceedings of the Board of Regents up to March 16, 1864. 

4. Appendix. 

Respectfully submitted, 

R. B. TANEY, GhatK^hr. 
JOSEPH HENRY, Seoretary. 
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LETTER 



SECRETARY OF THE SMITHSONIAN INSTITUTION, 

COHHDHICATINO 



JUNB 28, )864.— Reacl, and ordered lo be prinled. 



SMnBsoNUN Institdtios, 

Washingloa, June 27, 1864. 
Sib : In bebalf of the Board of Regents, I have the honor to sabmit 
totheHooeeof Representatives of the United States the anoaal report 
of the operations, expenditures, and condition of the Smithsonian In- 
etitatioa for the year 1863. 
I have the honor to be, very respectfally, your obedient eervant, 
JOSEPH HENRY, 
Secretary Smithsonian Institutton, 
Hon. S. Colfax, 

Speaker of the House of Representatives. 
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PROGRAMME OF ORGANIZATION 

OF THE 

SMITHSONIAN INSTITUTION. 



tPEBSENTED IN THE FIHST ANNUAL KEPORT OP THE SECEETARY, AND 
ADOPTED BY THE BOAED OP EBGENT3, DECEMBEE J3, 1847.] 



INTRODUCTION. 



.General consideraiuma which sltouM serve as a guide in adopting a Plan 
cf Organization. 

1. Will op Siuthson. The property is bequeathed to the United 
States of America, "to found at WashingtOD, under the Dame of the 
Shithsoniah iNSTiTtJTiON, B,Q establisbmeat for the increase and dif- 
fusion of knowledge among men." 

2. The beqneet is for the benefit of mankind. The government 
of the United States is merely a trustee to carry out the design of 
the testator. 

3. The InstitntioD is not a national establishment, as is frequently 
supposed, but the establishment of an individual, and is to bear and 
perpetuate his name. 

4. The objecta of the Institution are, 1st, to increase, and, 2d, to 
diffuse knowledge among men. 

5. These two objects should not be confounded ivith one another. 
The first is to enlarge the existing stock of knowledge bv the addition 
of new truths ; and the second, to disaeminate knowledge, thus in- 
creased, among men. 

6. The will makes no restriction in favor of any particular kind of 
knowledge; hence all branches are entitled to a share of attention. 

7. Knowledge can be increased by difi'erent methods of facilitating 
and promoting the discovery of new truths; and can be most exten- 
sively diffnsed among men hy means of the press. 

a. To effect the greatest amount of good, the organization should 
be such as to enable the Institution to produce results, in the way of 
increasing and diffusing knowledge, which cannot be produced either 
at all or so efficiently by the existing institution^ in our country. 

9. The organization should also be such as can be adopted pro- 
visionally; can be easily reduced to practice, receive modifications, 
or be abandoned, in whole or in part, without a sacrifice of the funds. 

10. Id order to compensate, in some measure, for the loss of time 
occasioned by the delay of eight years in establishing the InatitatioD, 
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a considerable portion of the interest which has accrued shoald be 
added to the principal. 

11. In proportion to the wide field of knowledge to be cultivated, 
the funds are email. Economy ahoold therefore be conenlted in the 
constraction of the building; and not only the first cost of the edifice 
should be considered, bnt also the continual expense of keeping it in 
repair, and of the snpport of the establishment necessarily connected 
with it. There should also be bnt few individuals permanently sup- 
ported by the Institution. 

12. The plan and dimensions of the building should be determined 
by the plan of oi^nization, and not the converse. 

13. It should be recollected that mankind in general are to be 
benefited by the bequest, and that, therefore, all unnecessary ex- 
penditure on local objects would be a perversion of the trost. 

14. Besides the foregoing considerations deduced immediately from 
the will of Smithson, regard must be bad to certain requirements of 
the act of Congress establishing the Institution. These are, a library, 
a musenm, and a gallery of art, with a building on a libend scale to 
contain them. 

SECTION I 

JPtan of Organizalion (/ the InstiiutvM in nocordance ioith the /ongoing 
deductions from the tciU of SmilhaoH. 

To INCSEASB KNOWLEDGE. It 13 proposed — 

1. To stimulate men of talent to make original researches, by offer- 
ing suitable rewards for memoirs containing new truthsj and, 

2. To appropriate annually a portion of the income for particular 
researches, under the direction of suitable persons. 

To DIFFUSE KNOWLEDGE. It is proposed — 

1. To publish a series of periodical reports on the progress of the 
difierent branches of knowledge; and, 

2 To publish occasionally separate treatises on subjects of general 
interest. 

DETAILS OF THE PLAN TO INCREASE KNOWLEDGE. 

I. — By stimulaUng researcJics. 

1. Facilities to bo afforded for the production of original memoirs 
on all branches of knowledge. 

2. The memoirs thns obtained to be published in a series of vol- 
umes, in a quarto form, and entitled Smithsonian Contributions to 
Kuowledge. 

3. No memoir on subjects of physical science to be accepted for 
publication which does not furnish a positive addition to human 
knowledge, resting on original research; and all unverified specula- 
tions to be rejected. 

4. Each memoir presented to the Institution to be submitted for 
cxAmiuatioD to a commission of persons of reputation for learoiag io 
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the branch to which the memoir pertains ', and to be accepted for 
publication only in case the report of this commiBsion be favorable. 

5. The commisBion to be chosen by the officers of the InstitntioD, 
and the name of the author, as far as practicable, concealed, unless 
a favorable decision be made. 

6. The volumes of the memoirs to he-exchanged for the transac- 
tions of literary and scientific societies, and copies to be given to all 
the colleges and principal libraries in this country. One part of the 
remaining copies may be offered for sale ; and the other carefully 
preserved, to form complete sets of the work, to supply the demand 
from new institutions. 

7. An abstract, or popular account, of the contents of these me- 
moirs to be given to the public through the annual report of the 
Kegents to Congress. 

II. — By appropriating a part of the income, annually, to apeoial objecta 
(f research, under tke direction <^ suitable persons. 

1. The objects, and the amount appropriated, to be recommended 
,by counsellors of the Institution. 

2. Appropriations in different years to different objects, so that, 
)D course of time, each branch of knowledge may receive a share. 

3. The results obtained from tliese appropriations to be published, 
with the memoirs before mentioned, in the volumes of the Smithso- 
nian Contributions to Knowledge. 

4. Examples of objects for which appropriations may be made. 
(1.) System of extended meteorological observations for solving the 

problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, 
magnetical, and. topographical surveys, to collect materiaJs for the 
formation of a physical atlas of the United States. 

(3.) Solution of experimental problems, such as a new determina- 
tion of the weight of the earth, of the velocity of electricity, and 
of light ; chemical analyses of soils and plants ; collection and publi- 
cation of scientific facts accumulated in the offices of government. 

(4.) Institution of statistical inquiries with reference to physical, 
moral, and political subjects. 

(5.) Historical researches and accurate surveys of places celebrated 
in American history. 

(6.) Ethnological researches, particularly with reference to the dif- 
ferent races of men in North America ; also, explorations and accurate 
surveys of the mounds and other remains of the ancient people of 
our country. 

DETAILS OF THE PLAN FOE DIFPUSDJO KNOWLEDGE. 

I. — By the pvUicaiion of a series of reports, giving an account (^ the new 
discoveries in scierux, and of the changes made from year to year in 
ail branches of knotdedge not strictly professionaL 

1. These reports will diffuse a kind of knowledge generally inter* 
esting, but which, at present, is inaccessible to the public. Some of 
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the reports may be pablished aonaally, others at longer interralit, as 
the iocoioe of the lastitution or the chaoges in the branches of 
knowledge may ihdicate. 

2. The reports are to be-prepared by collaborators emintot in the 
different branches of knowledge. 

3. Each collaborator to be furnished with the jonmals and publi- 
cations, domestic and foreign, necessary to the compilation of his 
report ; to be paid a certain som for his labors, and to be named on 
the title-page of the report. 

4. The reports to be published in separate parts, so that persons 
intorcBted in a particular branch can procure the parts relating to it 
without purchasing the whole. 

5. These reports may be presented to Congress for partial distri- 
bution, the remaining copies to be given to literary and scientific 
institutions, and sold to individuals for a moderate price. 

The following are some of the eobjecte which may be embraced in 
the reports : 

I. PHT3ICAL CLASS. 

1. Physics, including astronomy, natural philosophy, chemistry, 
and meteorology. 

2. Natural history, including botany, zoology, geology, &c. 

3. Agriculture. 

4. Application of science to art. 

H MOEAL AND POLITICAL CLASS. 

5. Ethnology, including particular history, comparative philology, 
antiquities, ^c. 

6. Statinties and political economy. 

7. Mental and moral philosophy. 

8. A survey of the political events of the world, penal reform, Ac 

ni. LITEEATUHE AMD THE FINE ARXa 

9. Modern literature. 

10. The fine arts, and their application to the usefal arts. 

11. Bibliography. 

12. Obituary notices of distinguished individuals. 

II. — By the publication of separate treatises on subjects of general interest. 

1, These treatises may occasionally consist of valuable memoirs 
translated from foreign languages, or of articles prepared under the 
iliroction of the Institution, or procured by ofi'eriog premiums for the 
K'nt exposition of a given subject. 

a. The treatises should, in all cases, bo submitted to a commission 
xJ" competent judges previous to their publication. 

3. As examples of these treiitisoa, expositions may be obtained of 
i!,* present btate of the several branches o( knowledge mentioned in 
Vrf# table of reports. ,- . 
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Plan q^ organization, in accordance with the terms of the resolutions of 
the Board of Segenia providing for the two modes of increasing and 
diffusing knowledge. 

J. The act of Congress establishing the Institution contemplated 
the formation of a library and a mnseum ; and the Board of Regents, 
inclndiog these objects in the plan of organization, resolved to divide 
the income* into two eqnal parts. 

2. One part to be appropriated to increase and diffuse knowledge 
by means of publications and researches, agreeably to the scheme 
before given. The other part to be appropriated to the formation of 
a library and a collection of objects of nature and of art. 

3. These two plans are not incompatible one with another. 

4. To carry oat the plan before described, a library will be required, 
consisting, first, of a complete collection of the transactions and pro- 
ceedings of all the learned societies in the world ; second, of the more 
important cnrrent periodical publications, and other works necessary 
in preparing the periodical reports. 

5. The Institution ehould make special collections, particularly of 
objects to illustrate and verify its own publications. 

6. Also, a collection of instruments of research in all branches of 
experimental science. 

7. With reference to the collection of books, other than those men- 
tioned above, catalogues of all the different libraries in the United 
States shonld be procured, in order that the valuable books first pur- 
chased may be such as are not to be found in the United States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institution a centre of biblio- 
graphical knowledge, whence the student may be directed to any 
work which be may require* 

9. It is believed that the collections in natural history will increase 
by donation aa rapidly as the income of the Institution can make pro- 
vision for their reception, and, therefore, it will seldom be necessary 
to purchase articles of this kind. 

10. Attempts should be made to procure for the gallery of art casts 
of the most celebrated articles of ancient and modern sculpture. 

11. The arts may be encouraged by providing a room, free of ex- 
pense, for the exhibition of the objects of the Art-Union and other 
similar societies. 

12. A small appropriation should annually be made for models of 
aotiquities, such as those of the remains of ancient temples, &c. 

13. For the present, or until the building is fully completed, be- 
sides the Secretary, no permanent assistant will be required, except 
one, to act as librarian. 

o Tfau amoQDt of th« Smithaonlan bequest receiTed loto the TreaoiiTj of the 

United States to : - $516,169 00 

Interest on the ume to Jul; 1, 184G, (deToted to the erectfoa of the build- 
ing) !«, las 00 

A»inii»l Inoome &om the bequest..... 30,910 li 
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14. The Secretary, by the law of Congress, is alone respODsible to 
the Regents. Se shall take charge of the building and property, 
keep a rocord of proceedings, discharge the duties of librarian and 
keeper of the museum, and may, with the consent of the Regents, 
employ assistants. 

15. The Secretary and hia assistants, during the session of Congress, 
will be required to illustrate new discoveriea iu science, and to exhibit 
new objects of art; distinguished individuals should also be invited to 
give lectures on subjects of general interest. 



This programme, which was at first adopted provisionally, has 
become the settled policy of the Institution. The only material 
change is that expressed by the following resolutions, adopted Jan- 
uary 15, 1855, viz : 

Seaolval, That the 7th resolution passed by the Board of Regents, 
on the 26th of Jannary, 1847, requiring an equal division of the in- 
come between the active operations and the museum and library, 
-when the buildings are completed, be, and it is hereby, repealed. 

Mesolved, That hereafter the annual appropriations shall be appor* 
tioned specifically among the different objects and operations of the 
Institution, in such manner as may, in the judgment of the Regents, 
be necessary and proper for each, according to its intrinsic impor- 
tance, and a compliance in good faith with the law. 
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REPORT OF THE SECRETARY. 



To the Board t^ Segenla: 

Ggktleubn : I have the honor to present, at the commencement 
of another session of ;oQr honorable board, the annaal report of the 
condition and traneactions of the Smithsonian InBtitation during the 
year 1863. 

The general operations of the Institation are so uniform from year 
to year that the several annual reports can differ bat little from 
each other ; the usual order will, therefore, be observed in this com- 
manication, with only such variations as the special incidents of the 
year may reqnire. 

It will bo seen by the report of the Executive Committee that the 
finances uf the Institotion are in as favorable a condition as the state 
of public affairs would authorize ns to expect. First. The whole 
amonnt of money originally derived from the bequest of Smithson is 
still in the treasury of the United States, hearing interest at six per 
cent., paid semi-annnally, and yielding $30,910. Second. Seventy- 
five thousand dollars of an extra fond are in bonds of the State 
of Indiana, at five per cent, interest, also paid semi-annnally, yield- 
ing $3,750. Third. Fifty-tbree thousand five hundred dollars of the 
same fund are in bonds of the State of Virginia, twelve thousand in 
those of Tennessee, and five hundred in those of Georgia, from which 
nothing has been derived since the commencement of the war. Fourth. 
A balance of upwards of $32, 000 is now in the hands of the treasurer 
of the Institution. 

The unsettled accounts at the close of the year do not exceed two 
thoosand dollars. 

From this statement it appears that the Institution, after erecting 
a building, accumulating a large library and an extensive museum, 
supplying the principal museums of tbe world with specimens of 
nataral history, and publishing a series of volumes which have been 
distributed to all first-class libraries abroad, and still more extensively 
at home, has upwards of one hundred thousand dollars in addition 
to the money received from the original bequest. Id addition to 
this, the stocks of Virginia and Tennessee are quoted at about half 
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their par valae, and it may be a qneBtion whether they shoald not be 
disposed of and the money otherwise invested. 

A part of the original bequest, amounting to jC5,015. was left by 
Mr. Bush in England, as the principal of an annuity to be paid to the 
mother of the nephew of Smithson. The annuitant having died, a 
power of attorney was sent, in November, 1862, to Messrs. Fladgate, 
Clark & Finch to collect the money ; but it has not yet been received. 
Although the whole legacy was awarded to Mr. Rush in behalf of 
the United States, after an amicable suit in chancery, various objections 
have been raised to allowing the small remainder to be sent to this 
country. These objections appear to be principally of a technical 
character, and are scarcely compatible with an equitable iuterpretatioa 
of the facts of the case. There should be no prejudice in England 
in regard to the construction placed upon the terms of the bequest and 
the policy which has been adopted, since one hundred and sixty- 
nine institutions in Great Britain and' Ireland are recipients of the 
Smithsonian publications and specimens of natural history, and have 
enjoyed the advantages of its system of international exchange. 

Although the financial affairs of the Institution are still in a favor- 
able condition, its ability to produce results is materially diminished 
on account of the advanced prices of labor and materials, and espe- 
cially the high rate of exchange under which its foreign operations 
are necessarily condncted. Still, all parts of the general system 
have been carried on with less abatement than might have been 
expected, as will be seen from the following acconnt of the varions 
operations : 

PvSUcaiions. — The publications of the Institution, as stated in pre- 
vious reports, consist of three series : Ist, Contributions to Knowl- 
edge ; 2d, Miscellaneous Collections ; and, 3d, Annual Reports. 

The Contributions include memoirs, embracing the records of origi- 
nal investigations and researches, resulting in such new truths as are 
considered interesting additions to knowledge. Twelve volumes in 
quarto of this series have been published, and the thirteenth is nearly 
ready for distribution. 

The -Miscellaneoua Collections include works intended to facilitate 
the study of the varions branches of natural history, to give instruc- 
tion* as to the method of observing phenomena, and to furnish a 
variety of other matter connected with the progress of science. Of 
this series four lai^e octavo volumes have been issued, and two more 
are nearly completed. 
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The AoDOal Reports to Coogress consist, each, of an octavo volnme 
of 450 pages. Thej contain the report of the Secretary od the 
operatloDS and condition of the Institution, the proceediogs of the 
BegoQts, and an appendix, giving a synopBia of the lectures delivered 
at the Institution, extracts from correspondence, and articles of a 
character suited to meteorol(^icd ohservers, to teachers, and other 
persons especially interested in the promotion of knowledge. 

The thirteenth volame of the Contribatioos has been completed, 
and IB now in the hands of the binder. It contaiDS the following 
original papers : 

1. Tidal Observations in the Arctic Seas ; by Elisha Kent Kane, 
M. D ; made during the second Grinnell Expedition in Search of Sir 
John Franklin in 1853-55. Reduced and discussed by Charles A. 
Schott, assistant United States Coast Survey. 

2. Meteorological Observations in the Arctic Seas ; by Sir Leopold 
McCIintock ; made on board the Arctic searching yacht "Fox" in 
Baffin'sBayand Prince Regent's Inlet in 1857-59. Reduced and dis- 
cussed by Charles A. Schott, assistant United States Coast Survey. 

3. Ancient Mining on the shores of Lake Superior. By Charles 
Whittlesey. 

4. Discussion of the Magnetic and Meteorological Observations 
made at the Girard College Observatory, Philadelphia, in 1840-'45. 
Part II. Investigation of the Solar-Diurnal Variation of the Magnetic 
Declination and its Annual Inequality. By A. D. Bacbe, Superin- 
tendent Coast Survey. 

6. Part III. Investigation of the Lunar Effects of the M^netic 
Declination. By A. D. Bache. 

6. Pai-ts IV, V, VI. Horizontal Force. Investigation of the teli 
or eleven year period, and of the disturbances of the horizontal 
component of the magnetic force ; investigation of the solar-diurnal 
variation and of the annual inequality of the horizontal force, and of 
the lunar effect on the same. By A. D. Bache. 

7. Records and Results of a Magnetic Survey of Pennsylvania and 
parts of adjacent States in 1840, 1841, with some Additional Records 
and Besolts of 1834, 1835, 1843, and 1862, and a Map. By A. D. 
Bache. 

8. Researches upon the Anatomy and Physiology of Respiration in 
the Cbelonia. By S. Weir Mitchell, M. D., and George R. More- 
boose, M. D. 

Accounts have been given in previous reports of all the papers 
cootained in this volume, excepting that on the Chelonia. This 
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paper, by 3. Weir Uitchell, M. D., and Oeorge R. Horehouae, M. D., 
of Pbiladetpbia, is a very complete Btady of the anatomy and physi- 
ology of the breathing organs in turtles . It seems that, althoDgh at 
one time, and by a single observer, the trne mode of the breathing 
of these animals was partially onderstood, it had long been neglected, 
and modern physiologists have taught that tnrtlea forced air into the 
Innga as do frogs. Drs. Mitchell and Morehouse have shown that 
tartles breathe like manunals, by drawing air into the longs by the 
aid of muscles sitaated in the flanks and on the outside of the lungs. 
Their paper contains a detailed account of the anatomy of the breath- 
ing organs of turtles, and ia illustrated with numerous wood-cuts. 
The most novel discovery described by the authors is that of a chiasm 
or crossing from side to aide of a portion of the nerves which supply 
the muscles of the larynx. Except the well-known facts as to similar 
crosaings within the skull, no previous author has described any simi- 
lar extra-cranial arrangement of nerves. The physiological uses of 
the IsryngeHl chiasm has been fully studied by Drs. Mitchell and 
Morehouse ; and more recently Professor Wyman, led by their dis- 
covery, has described similar nerve arrangements in serpents and in 
certain birds. 

The authors express their indebtedness to the Smithsonian Insti- 
tution for the aid with which they were furnished in obtaining the 
requisite specimena for experiments and for dissection. 

The following papers have been accepted for publication, sod will 
form parts of the foorteenth volume of Contributions : 

Ist. Three additional parts of the series of discussion of the mag- 
netic observations at Girard College, by Professor A. D. Bache. 

2d. The result of a series of microscopical studies of the* medulla 
oblongata, or the apper portion of the spioid marrow, by Dr. John 
Dean. 

3d. Amemoiron the palieontology of the Upper Missouri, byF.B. 
Meek and F.V.Hayden. 

4th. An account of the photographical observatory and varioQs 
experiments in regard to this aobject, by Dr. Henry Draper, of New 
York. 

6th. A monograph of the "Laridss" or gulls, by Dr. Elliott Gooes. 

All these memoirs, except the last, are ia the hands of the printer, 
or in process of illustration by the engraver. 

In several of the preceding reports an account has been given of a 
series of reductions of the magnetic observations made from 1840 to 
1845, inclusive, at Girard College, Philadelphia, by Prcrfeuor Baobe. 
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The first two of the papers of this series related to what is called the 
eleven-year period of the variation of the needle, which corresponds 
with' the recnrrence and frequency of- the spots on the ann. The 
third paper relates to the influence of the moon on the variation of 
the needle. The foarth refers to tho change in the horizontal part 
of the force of the earth's magnetism coincidiog with the eleven- 
year period of the spots on the sqd. The fifth relates to.the effect 
of the ann in producing daily and anDnal variations in the horizontal 
component of the magnetic force. The sixth relates to the Innar 
infinence on the horizontal magnetic force. 

A particular account has heen given of the result of all these ioves- 
tigatioDB, which tend folly to corroborate the conclosioDS arrived at 
from observatioDB in other parts of the world, that both the sun and 
moon are magnetic bodies, and exert an influence upon the polarity 
of the earth ; and also that the magnetism of the sun has variations 
in intensity which are in some way connected with the appearance 
of spots on its surface, giving rise to the variations in those perturba- 
tions of the needle 'which have been called magoetic' storms, and 
which present a periodical recurrence at an interval of about eleven 
years. 

The influence of the moon is much less marked than that of the 
son, and appears to be more analt^os to the temporary magnetism 
induced in soft iron. 

Farts VII, YIU, and IX of this series, now in the press, are a con- 
tinuation of the same sabject. Part YII contains the discnssion of 
the effect of a change of temperature on the readings of the vertical 
force instrnment. 

If a mttgnetic needle could be supported perfectly free in space, so 
aa to assume the direction into which it would be brought by the 
magnetic action of the earth, it would arrange itself in the line of 
what is called the dip, or the inclination of the needle. At the mag- 
neUc equator of the earth such a needle would be parallel to the 
horizon, but, departing from this line either to the north or the south, 
the inclination would increase continually nntil we arrive at the mag- 
netic pole, when it would be vertical. It is plain that the full magnetic 
force of the earth, in the line of the dip, may be resolved into two 
others, viz., a horizontal force, or that which draws the ordinary 
magnetic needle back to the meridian when it has been deflected 
from this position ; and, second, the vertical force which tends to 
draw the end of the needle down into the line of the dip. The fre- 
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qaoDcy of vibratiooa of a magnetic bar saapeoded hy an aatwisted 
thread, so as to be borizontal, gives the horizontal componeDt of the 
force of the earth, while the vibrations of a similar bar placed in the 
plane of the dip, and poised horizontally like a scale-beam on two 
knitcedges, gives the variations in the vertical force. These vibra- 
tions, however, will be affected not only by the changes in the mag- 
netism of the earth, bat by that in the bar itself ; and as the latter 
is affected by the temperature of the place, a series of observations 
and discnssions was necessary to ascertain the corrections doe to this 
cause. For this purpose the room was artificially heated and cooled ; 
but the value of the correction was finally deduced from an investi- 
gation of the whole series of regular observations compared with the 
changes of temperature indicated by the hourly register of the ther- 
mometer. 

The corrections for temperature were afterwards applied to all 
the observatione. The larger disturbances were then separated from 
the body of the series in the same manner as had been done with 
regard to the horizontal force, by which means the effect of the 
monthly and yearly disturbance of the sun is exhibited analytically and 
graphically. From thq results it appears that the number and aggre- 
gate amount of disturbances were least in 1844 ; that in each year 
the greatest number of disturbances occurs in March and September, 
and the least number in June, or, in other words, the maximum about 
the equinoxes, and the minimum about the solstices. 

In an appendix to this paper the connexion of the appearance of 
the aurora borealis with the disturbances of the direction and force 
of the earth* B magnetism is discussed. From the result of this dis- 
cussion it appears that there is a periodicity of about eleve^i years in 
the recurrence of the frequency of the aurora, as well as in that of 
the great disturbances of the needle, and that these are coincident 
with each other and with'tbe appearance of the spots on the sun. 

The eighth part of the series gives the discussion of the daily and 
yearly varjations due to the action of the sun on the vertical compo- 
nent of the magnetic force. The mean variation of the force is deter- 
mined for each hour during each mouth and for the whole year, and 
also for the summer and the winter separately. These are expressed 
analytically and graphically, and an examination of the curve shows 
a principal maximum about 1 p. m., and a principal minimum about 
9 a. m. There is an indication of a secondary maximum about 2 a. m., 
and a secondary minimum about 4 a. m. 
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In Bnmmer the carve appeara to have bnt one greatest and one 
leaat ordinate occurring about noon and midnight. In winter the 
double feature of the curve becomes quite conspicaous. 

The vertical force appears greater in May, June, July, and August, 
and leas in the remaining months, with a range of about a hundred 
md five hundred thoasandth part of the whole force. 

The ninth part gives the investigation of thb infiuence of the moon 
upon the^vertical force ; also upon the direction and intensity of the 
total force. The methods of investigation aire the same in this as in 
the preceding parte. The daily effects of the moon exhibit a prin- 
cipal maximum a little before the planet passes the upper meridian, 
and a principal minimum about three hours after it passes the lower 
meridian. The average epoch of the tide of vertical force is' about 
one and a half hour in advance, apparently, of the culmination of the 
moon. A secondary variation of this force, though noticed, is very 
feeble. The, subject of the time of greatest Inuar disturbance is yet 
very imperfectly developed, and more observations in regard to it 
are desirable. 

A comparison- is also given in this paper between the observations 
made at Toronto and Philadelphia, and their accordances or differ- 
ences are statec^. The effect of the moon upon the direction and inton- 
sity of the total force is obtained by a combination of the vertical 
and horizontal components. From this part of the investigation it 
appears that the dip is greatest at 8 and 20 hours, and least at 3 
hours and 13J, the range being eqnal to 3.6 seconds ; and also that 
the maximum strength of the earth is greatest at half-past 12 and 11, 
and least at 7J and 17 honrs, the results, from the observations at 
Toronto end Philadelphia, being remarkably coincident. 

The next paper of the foregoing list is that by Dr. Dean, which 
comprises the anatomy of the medulla oblongata, both human and 
comparative, from the lowest roots of the hypoglossal nerve, through 
the upper, roots of the auditory, including the hypoglossal, nasal, 
glossopharyngeal, abducens, facial, and auditory nerves. The ob- 
jects of the investigation were principally as follows : 

1st. To illustrate the topography of the medulla oblongata by means 
of a series of photographs, which might completely map out all the 
principal changes in structure as they successively occur, connected 
with the development of the different nerves, with the details which 
accompany the development of their nuclei and accessory ganglia, 

2d. The study of the more minute histological details, such as the 
course of the nerve roots, their entrance into their respective nuclei 
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and conneuoB'with nerve cella, the connexioD of the onctei with 
each other by nerve fibres passing from the roote and from the Derve 
cella, the Btractnre of- the olivary bodies which possess a pecnliar 
interest from their resemblance in convolated stmcture to the cere- 
brum aQd cerebellum. 

. 3d. An attempt to ehow, notwithstanding the apparent difference of 
stractore between the «pinal cord and medulla oblongata, a difference 
which appears very considerable at first sight, that the plan of struo- 
tore of the two is identical, that the general arrangement of parts 
strictly corresponds, that the relation of the nerve roots to their 
nnclei or cell groups is the same, and moreover the connexion estab- 
lished between the different nuclei is carried out on the same plan. 
The illustrations for this work were taken by the anther himself 
directly from the microscopic dissections by photography. For the 
general edition the photographic illustrations have been copied on 
stone with great care by L. H. Bradford. The steel plates were en- 
graved by J. W. Watts. Besides these, a limited number of photo- 
graphic prints from the original negatives have been prepared by 
Dr. Dean himself for private distribution, and from these negatives 
other copies may be obtained either on direct application to the author 
or through the medium of this Institutiod. , 

This paper, which is the result of over two years of constant stndy, 
was referred to Dr. W. A. Hammond, of the United States army, 
and Professor Jeffries Wyman for critical examination, and was recom- 
mended by them for publication as a valuable addition both to human 
and to comparative anatomy. 

The third paper accepted for publication is on the Palaeontology 
of the Upper Missouri, by P. B. Meek and P. V. Hayden. " 

This work contains figures and descriptions of all the known inver- 
tebrate fossil remains of the various geological formations of Idaho, 
Dakota, Nebraska, and portions of Kansas. About 370 species, 
nearly all of which are new, are fully- described, and the descriptions 
are accompanied by remarks on the relations of each species to allied 
forms Irom other districts in this country and Europe, both living and 
fossil — ^its geological range, geographictd distribution, Ac. The illus- 
tratjona consist of about one thousand carefully drawn figures, occu- 
pying forty-five quarto plates. 

In addition to fall descriptions of species, the work also contains 
extended accounts of all the genera to which these fossils beU>Dg, with 
the synonymy of each genos, and remarks on its affinities to other 
genera, both living and extinct ; and assigns the probable, period of 



BEFORT OF THE BECBETABT. 21. 

its iatrodactioa, the time wbea it appears to have attained ita mftzi* 
mum developmeot, and that at which it is Hupposed to have died oat, 
if not represented in oar existing seas. At the head of each generic 
description the etymology of the name and the tj^e of the genns, 
when known, are given. Full descriptions of each of the families 
including these genera are likewise given ; and at the end of each 
family' description the names of all the genera, whether living or ex- 
tinct. The introduction contains detailed descriptions of the varioas 
formations in which these fossils existed, with remarks on their 
synchronism with other American and Enropeao deposits. 

A considerable portion of the specimens describeHi and %nred were 
collected by Dr. F. V. Hayden in the several expeditions into the 
regions of the Upper MiBsouri and Yellowstone, sent by the govern- 
ment under the command of Lieutenant (now Major General) G. K- 
Warren, of the United States Topographical Engineers, to whose 
scientific zeal and liberal encouragement we are indebted for much of 
the material upon which the work is founded. Bat besides these, a 
lai^e namber were collected by Dr. Hayden himself previous to hia 
connexion with the exploring expeditions of the government. The 
specific descriptions of the fossils described in this work are therefore 
to be regarded as appearing in the joint names of Meek and Hayden, 
while the descriptions of the genera, and families, and the discussion 
of their relations, geological range, geographical distribution, &o., 
are to be accredited to Mr, Meek alone. 

The first sketch of this work was prepared as a part of the report 
to Congress of the explorations of the above-mentioned regions, but 
Mr. Meek has since devoted almost three years exclnsively to extend- 
ing and completing the investigations; and as it is probable that Con- 
gress will make no provision for its publication, it baa been adopted 
by the Institution, at the earnest recommendation of several eminent 
naturahats, and will be pnblished in successive garte. All the speci- 
mens described are in the collections of the Institution, and as soon ' 
as the work is completed the nnmeroas duplicatea will be distributed, 
as types of the species, to various scientific institations at home and 
abroad. 

MiscdUmeova CoUeciums. — Several series of articles forming parts of 
the Miscellaneous Collections, as stated in previous reports, have been 
undertaken, of which some have been completed, some are still in 
band, and others have been printed during the past year. 

The first of these series is that relating to the shells of North 
America, and will consist of the following works : 
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1. Check Hats of Nortb American shells, by P. P. Carpenter, Ac. 

2. Circular relative to collecting shells. 

3. Elemeotary iotrodQction to the study of conchoh^y, by P. P. 
Carpeoter. 

4. List of the species of shells collected by the Uoited States ez- 
plorii^ expedition, by the saoae atithor. 

5. Descriptive catalc^na of the shells of the west coast of the 
United States, llezico, and Central America, by the same author. 

6. Descriptive catalt^ne of the air-breathing shells of North 
America, by W. G. Binney. 

7. Descriptive catalogne of several genera of water-breathing fre!>h 
water nnivalves, by the same anther. 

8. Descriptive catalogue of the Mdaniadcc, or the remainder of the 
water- breathing fresh water nnivalves, by George W. Tryon. 

9. Descriptive cntalt^ae of the CorbicuIadtB or Cydfididtx, a group 
of bivalves principally inhabiting fresh water, by Temple Prime. 

10. Descriptive cata](^e of the UnitmidtB, or fresh water mnssels. 

11. Descriptive catalogue of the shells of the eastern coast of the 
United States, by William Sttmpson. 

12. Biblic^raphy of North American conchology, by W. G. 
Binney. 

13. Check list catalogue of cretaceons and Jurassic fossils of North 
America, by F. B. Meek. 

The first and second articles of this list were published in 1860, and 
described in the report for that year. The third was published in 
1861 as a part of the annual report for 1860. A new edition would 
have been printed before this time, ae a part of the MiscellaDeons 
Collections, had we not been disappointed by a delay in procuring 
the expected use of wood-cats for the illustration of the work from 
the British Husenm. We have just learned, however, that the Mu- 
seam has liberally granted the use of these wood-cuts; that they are 
■ now being copied in stereotype in England; and consequently the 
work will be completed without further delay. 

The fourth and fifth articles are still in the hands of Mr. Carpenter, 
who has reported prc^ess, which leads as to expect that they will 
be ready for the press duribg the present year. 

Of the 6th, 1th, and 8th, the first draughts of the manuscripts 
have been completed, and a preliminary sketch of the conclusions 
of the authors as regards the names of the species has been printed 
in the form of proof-sheets, and distributed to conchologists, with a 
view to elicit criticisms and saggestions prior to final publication. 
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Many important additions and corrections have been obtained in thia 
way wfaicb will add moch to tbe valae of tbe works. The requoBt^aa 
been made that these proof-sheets shonld not be conaiddred as express- 
ing the final views of the authors, bat only intended to obtain the 
information above mentioned. 

The ninth article of the series, by Mr. Prime, is well advanced in 
printing, and will be completed in 1S64. In addition to the parely 
North American species, it will contain descriptions and wood-cnt 
figures of those of Central and Sonth America, as well as of the West 
Indies, thas embracing all the members of the family found in the 
New World. 

The tenth and eleventh articles are still in process of prep^ation, 
and the engraving of the wood-cats for their illuatratioa has com- 
menced. 

The twelfth article — the first part of the Bibliography of North 
American conchology by Mr. Binney, mentioned in the last report as 
in press — has been completed and dlstribnted. It forms a volame 
of 650 pages, and contains a list of the poblications of American an- 
thers relative to conchology in general. As might reaeonablj be 
expected, some omisaions have occnrred of titles of papers overlooked 
or not met with, but copies have been sent to all tbe working con- 
chologists of the country, with the request to furnish rectifications and 
additions to bo inserted in an appendix to tbe second part. Thia 
aecond part, which is now in the preas, is intended to Include an 
account of the writings of foreign natoraliata relative to American 
conchology, and will also contain, beside the additions and corrections 
of the first volume, copious indexes of authors and names of genera 
and speciea. About 250 pages are stereotyped, and the whole work, 
probably filling over 500 pf^es, will be finished during 1864. 

The thirteenth article, check list by Mr. Meek, has been completed 
and put to press. It contains a list of all the species of cretaceous 
fossils described by authors up to the end of 1863, and will constitute 
an important aid in the labor of cataloguing and labelling collections, 
being prepared in the same style as that of the check-lista of North 
American shells, published by the Institution some years ago, which 
have been so much sought after by couchologiats and amateurs. 

Another series of works belonging to the miscellaneoua collections 
is intended to facilitate the study of American iusecta. Of this series 
the several articles are as follows: 

1. Instrnctions for collecting and preserving insects. 

2. Catalogne of the described Diptera (fiies, musqui^pes, Ac) of 
North America, by Baron Osten Sacken. ■■ i^ec ayt^iOOglc 
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3. Catalogue of the described Lepidoptera (bntterfliea, motha, Ac.) 
of North America, by Dr. Jno. G. Morris. 

4. Classification of the Coleoptera (beetles, &c.) of North America, 
by Dr. Jdo. L. Le Coote. 

5. Synopsis ofthe described Nenroptera (dragon-flies, £c.}ofNorth 
America, with a list of the Sooth American species, by H. Hagen. 

€. Synopsis of the described Lepidoptera of North America, part 
I. Diurnal and Crepnscniar Lepidoptera, by Dr. Jno. G. Morris. 

7. List of the Coleoptera of North America, with descriptions of 
new species, by Dr. Jno. L. Le Conte. 

8. Monograph of the Diptera of North America, by H. Loew, with 
additions, by Baron Oaten Sacken. 

9. Monographs of Homoptera and Hemiptera, (chinches, roaches, 
Ac.,) of North America, by P. R. Uhler. 

10. Descriptive Catalogue of the Eymenoptera, (bees, wasps, £c.,} 
of North America, byH. De Saussore. 

These have all been described in previooa reports. 

Of No. 8, (monograph of Diptera,) the first part was pablished in 
1862. During the past year the second part has been printed, and 
forms a volume of 339 pages. The manuscript of a third part is in 
an advanced state of preparation by Dr. Loew, and when received 
will, OB in the case of the two preceding parts, be intrusted to Baron 
Osten Sacken for translation under his direction. We must again, in 
this connexion, express our obligations to Baron Osten Sacken for his 
valaable assistance in the preparation and publication of these works. 

Of No. 9, monographs of Homoptera and Hemiptera of North 
America, by P. R. Uhler, the manuscript is nearly completed, and 
will soon be received from the author. 

Of No. 10, the manuscript of the first part (Catalogue of Hymenop- 
tera) was received from the author during the past summer, -and 
placed in the hands of Mr. E. Norton, of New York, who kindly 
oBered to translate it from the original French and superintend its 
pnblication. It is now in the press, and will soon be completed. 

In addition to the publications relating to shells and insects, the 
following, belonging also to the Miacellaneons Collections, have beeo 
prepared for the Institution : 

1. Check-list of Minerals, by Thomas Egleston. 

2. Instructions relative to Ethnology and Philology, by George 
Gibbs. 

3. Comparative Vocabulary, by Gfeorge Gibbs. 

4. Dictionaiy of the Chinook Jargon or Trade Language of Oregon, 
bv George Gibbs. "^lOOglC 



BEPOBT OP THE 8ECBETABT. 25 

5. MoDogn"aph,of the Bats of North America, by Dr. H. Allen, 
United States army. 

No. 1 of these works haa been prepared to aid io arracgiog and 
catalogning the Smithsonian collection of minerals and the distribu- 
• tion of daplicate specimens, bat it will also be of value in facilitating 
the stady of mineralogy by furnishing printed labels and check-lists 
for exchanges. It presents a list of all the described species of min- 
erals, with their chemical symbols and systems of crystallization, indi- 
cating those which are peculiar to the United States, tbe whole 
arranged according to the method adopted by Professor Dana in the 
last edition of his Manual of Mineralogy. For Important additions 
and corrections, tbis work is indebted to the principal mineralogists 
of this conotry, to whom the proofs were submitted, and especially 
to Professor Dana, Professor Brush, and Dr. Genth. This vlist is 
completed, and will shortly be ready for 'distribution. 

No. 2 of these works was printed in the Smithsonian annnal 
report for 1861, but a large demand baring arisen for it, it has been 
reprinted with corrections and additions, and now includes instruc- 
tions for philological observation, rules for recording sounds and vo- 
cabularies, £c. Id the latter part of the work Mr. Gibbs has received 
important assistance from Professor W. D. Whitney, of Tale College. 

It includes directions for the collection of various specimens, hints 
for special inquiry, &c. Among the former are the skulls of Ameri- 
can Indians, which in some cases are difficnlt to obtain, on account 
of the jealousy with which the natives guard the remains of their 
dead. Numerous tribes, however, have become extinct, or have 
removed from their former abodes. The remains of victims of war 
are often left where they fall, and the bones of slaves and of the 
friendless are neglected. Relics of these can be obtained without 
offence to the living. It is, however, of essential importance that 
most positive information should be obtained as to the nation or tribe to 
which a particular skull belongs. This may frequently be learned 
Irom the history of the migrations of the tribe, or from tbe character 
of tbe ornaments and utensils found with it. 

Among tbe specimens of art which are designated as desirable 
are dresses, ornaments, bowa and arrows, lances, saddles with their 
furniture, models of lodges, cradles, mats, baskets, gambling imple* 
ments, models of canoes, paddles, fish-hooks, carvings is wood and 
atone, tools,- £c. 

American antiquities are especially indicated as objects of interest. 
They include the tools found in the northern copper mines, articles 
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inclosed in moiuids, images, pottery, also the contents of ancient 
shell beds found on the sea-coast and bays, often deeply covered with 
earth and orei^rown with trees; baman remains, or implements of 
hnmao manufacture, bearing the marks of tools or of subjection to fire, 
found in ca.vefl, beneath deposits of stony material formed by drop- 
pings from the roof; similar articles in salt-licks, likewise in deposits 
of Band and gravel, or snch as evidently belonging to the drift period. 
Among other desiderata mentioned are the names of tribes, geo- 
graphical position, nnmber of individuals, physical constitution, such 
as stature, proportion of limbs, facial aogle, color of skin, hair, and 
eyes ; inscriptions, dress, food, dwellings, arts, trades, religion, 
governmeDt, social life, ceremonies, mode of warfare, medicine, 
literature, method of dividing time, history, &c. 

ThAe directions also include a list of words most important to be 
used in forming the vocabulary of a language. The pamphlet con- 
sists of thirty-four p^es, and is distributed gratuitously to all who 
are desirous of aiding investigations of this character. 

No. 3 is a vocabulary of the principal words of which the 
equivalents are desired in the languages of the American Indians. 
It has been prepared with great care by Mr. Gibbs after the usual 
models, presenting in parallel columns the words selected in English, 
French, Spanish, and Latin, leaving a blank colnmn to be filled by 
the required equivalents in the dialect of any given tribe. It forms 
a pamphlet of eighteen pages, including two hundred and eleven 
different words, and is printed on letter paper, for convenience in 
filling up the blanks. 

No. 4, the Chinook Jargon, is a collection of phrases made up 
from various languages, Indian and civilized, and constitutes the sole 
medium of communication with the Indian tribes of the northwest. 
In 1853 the Smithsonian Institution published a brief dictionary of 
this language, from a French manuscript presented by Dr. B, R. 
Mitchell and edited by Professor W. W. Turner. The arrticle wa« 
in great demand, and the edition was soon exhausted. Mr. Gibbs, 
having paid particular attention to the Jargon during his long resi- 
dence in Washington Territory, kindly offered to prepare a new 
edition with corrections and additions. This offer was readily ac- 
cepted, and the dictionary has been published during the past year. 

The vocabulary- of the Chinook contains words of two dialects, the 
Chinook proper and the Clatsop, and perhaps also of the Wakiakum. 
The nation or rather family to which the generic name Chinook has 
been applied,, formerly inhabited both banks of the Coliunbia ^jper 
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from ita month to the Oraod Dallea, a distance of about one hundred 
and aeTOnty miles, and was, as is UBnal among the sedentary Indians 
of (he west, broken up into numerous bands. . Mr. Hale, in his Eth- 
nography of the United States Exploring Expedition, has divided 
these into the Upper and Lower Obinook. The present vocabulary 
belongs to those nearest the mouth of the river, of which there were 
five principal bands. The language of the bands further up the river 
departs more and more widely from the Chinook proper; indeed, so ' 
much so that the lower Indians could not have understood the upper 
ones without an interpreter. Thia vocabulary is not as full ae could 
be wished, and the only reason for publishing it id its present condition 
ia that the Indians'speaking the language are so nearly extinct that 
no better digest is likely to be made in future. 

In regard to the 5th article of the above series, the Monograph of 
Bats of North America, it may be stated that the mammalia of this 
continent have been studied and described generally by Audubon, 
Bachman, and also by Professor Baird of this Institution. These 
authors, however, have not included in their descriptions the cheirop- 
tera, or bats. To supply this deficiency, Dr. Allen, of Philadelphia, 
has given his attention for several years to the careful study of 
the specimens of this animal in the principal museums of this country, 
and has presented the result of his labors to the Institution in the 
form of the monograph above mentioned. In this a detailed descrip- 
tion is given of each of the genera nnd species with wood-cut figures of 
the skulls, beads, ears, and tails of such species as require this mode of 
illustration. The wood-cuts of this paper have been completed and 
the manuscript is now in the hands of the printer. 

I may mention that the Institution is indebted to Mr. Figaniere, 
Portugese minister, for a very graphic account of an immense assem- " 
hlage of bats which had been colonized for years in the upper part 
of a mansion house which he had purchased in Maryland. This ac- 
count will be republished in the appendix to this report, as well as 
in the paper of Dr. Allen just described. 

Seports. — The annual reports to Congress are printed at the ex- 
pense of the government as public documents, with the exception of 
the wood-cuts, the cost of which is paid by the Institution. Previous 
to 1853 the reports were principally confined to an exposition of the 
operations of the Institution, and were published in. pamphlet form; 
but since that date an appendix has been added to each report, which, 
with the other matter, has increased the size to that of a volume of 
four hundred and fifty pages. These reports now form a ^^^pjlten 
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Ttrfnmes, begiimiDg with that of 1853, and m order that this series 
might contain a history of the Inatitntion from the heginning, the will 
of Smitbaon, the eDactments of Congress io regard to it, and the sev- 
eral reports of the Secretary, previoas to 1853, were repnhlished in 
the appendix to that volame. 

The report for 1862 contains, in the appendix, a enlogyon the late 
Senator Pearce, by Professor Bache ; a course of lectttree on Polarized 
< Light, by F. &.. P. Barnard, late president of the Dniversity of Mis- 
sissippi ; a coarse of lectnrea on Ethnology, by Professor Daniel 
Wilson, of the UniverBity of Toronto ; an introduction to a course of 
lectures on the Study of High Antiquity, by A. Morlot, of Switzer- 
latid, translated for the Institution by the author ; an account Qf 
the Articles on Archselogy, published by the Smithsonian Institution, 
copied from the "Natural History Keview," of England ; a history 
of the French Academy of Sciences ; eulogies on Von Bucb and 
Tbeoard, a continuation of the series of memoirs of distinguished 
members of the French Academy, translated by C A. Alexander, 
esq. ; a Memoir of Isidore St. Hilaire, by Qnatretages, translated by 
a lady ; a prize Memoir on the Catalytic Force, by T. L. Phipson ; 
on Atoms, by Sir Johb Herschel ; GlassiGcatioD of Books, by J. P. 
Lesley ; Account of Human Bemains from Patagonia, and Prize 
Qnestions of Scientific Societies. 

Of this report the usual number of 10,000 copies was printed, of 
which 4,000 copies were given to the Institution, to be distributed in 
accordance with the following rules: 

J. To all the meteorologioaJ observers who send records of the 
weather to the Institution. 

2, To the collaborators of the Institution. 

3. To donors to the museum and library. 

'4. To colleges and other educational establishments. 

5. To public libraries, and literary and scientific societies. 

6. To teachers, or individuals who are engaged in special studies, 
and who make direct application for them. 

Owing to the many changes which have taken place in the resi- 
dence and occupation of the correspondents of tbe Institution since 
the commencement of the war, it has not been thought advisable to 
send the reports to all whose names are on the record of distribution, 
but in most case^ to wait until direct application is made by letter or 
otherwise for a copy of the work. Whenever a report is sent to any 
address a separate announcement is made of tbe fact enclosing a 
blank receipt to be sicned and returned to the Institution. ■ 

.,oglc 
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Ou account of the large amount of printing reqoired by the gov- 
emment in consequence of the war, the pablio printing office has been 
taxed to its utmoat power ; docnments not required for immediate 
nee have been delayed, and among others the report of the Institatioa 
for 1862 is still not quite completed. It is expected, however, that 
it will be ready for distribntioa in the course of a few weeks. The 
number of copies of the report ordered to be printed by Congress 
has varied in differeot years, and couseqaently in the increasing de- 
mand some of the volnmes have been entirely exhausted. It may be 
a matter of consideration whether a new edition of the report for 
1856, and perhaps for other years, might not be reprinted. To pre- 
vent the future exhaiistion of the supply of the reports, Congress 
authorized the Btereotypiog of the last volume and the printing at aoy 
time, from the plates, of the whole or any part of its contents. 

In view of the great cost of paper and the space required for stores, 
it has been thought advisable to stereotype the Contributions and Mis- 
cellaneous Collections, and to strike off only as many copies of each 
article as are required for immediate distribution. By the adoption 
of this plan, the ability to supply, to any extent, copies of works 
published hereafter will always exist, while no more need be printed 
than are actually required. 

EthiBotogy. — From the first, the Institution has given considerablb 
attention to the various branches of ethnology. Besides the addi- 
tions to Indian aroh2eI<^y which are to be found in the several 
volumes of its Contributions to Knowledge, it has published j ^veral 
papers on languages. In the report for 1860, a list of original manu- 
scripts was given relating to the languages of the northwest oast of 
America, which had been received through the assistance of Mu Alex- 
ander S. Taylor, of Monterey, California. 

Several of these were copied at the expense of the Institution, 
with the intention of securing their preservation and subsequent pub- 
lication. It has also been>6tated that a numbsV of these manuscripts 
had been presented to Mr. J. G, Shea, of New Yerk, to be published 
in a series which he has established under the title of "Library of 
American Linguistics." By presenting these to Mr. Shea for pub- 
lication and purchasing from him for distribution to learned societies 
a number of copies, encourt^emeat has been given to a laudable eo- 
terprize, undertaken solely to promote a favorite branch of learning, 
aod with but little comparative expense to the Smithsonian fund. I 
regret, however, to state that the diminution of the effective income 
of the Institution will prevent further appropriatiooa at present for 
this purpose. The •following is a list of the works of Mr. Sboa's 
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series, of which the InetitatioD has uded the pablication by porchas- 
iog copies for distribution : 

1. Grammar of the Mnteun language, Bpoken at the misaion of Saa 
Jaan Baatista, Alta California ; by Father Fehpe Arroyo de la 
Cuesta. 

2. Vocabnlary of the langn^e of San Antonio mission, California, 
by Father Bonaveatnre Sitjar. 

3. Grammar and dictionary of the Yakama language, by Bev. Mie. 
Clea. Pandosy. 

4. Vocabulary or Phrase Boot of the Mutann language, of Alta 
California, by Rev. Father Felipe Arroyo de la Cuesta. 

5. Grammar *of the Pima or NIvome, a longni^e of Sonora, from 
a manuscript of the XYIII century. 

. The first of these, the Mutsua grammar, was described in the last 
report. The second, the vocabulary of the native inhabitants of 
the San Antonio, or Sez£apay, mission ; it was printed from a manu- 
script forwarded to the lustitutioa by Alexander S. Taylor, of Cali- 
fornia. The mission of San Antonio de Padna was founded iu 1771. 
in the Sierra of Santa Lucia, twenty-five leagues southwest of Mon- 
terey ; the authors of this vocabulary being the first missionaries. 
The tribe is sometimes known as Tatcke, or Tdami, though Mr. Taylor 
calls it Sextapay. It is gradually disappearing ; not more than fifty 
Indians still remain, although it is -said they were, at one time, bo 
numerous that the dialects spoken by them amounted to twenty. 

The third is the grammar and dictionary of the Yakamas, a people 
inhabiting the region of the Yakama river — a stream rising in the 
Cascade range of mountains, and emptying iuto the Colum'bia above 
the junction of the Snake river. The name signifies the "stony 
ground," in allusion to the rocky character of the country. The au- 
thor of the grammar. Father Pandosy, was for many years a resident 
among these Indians, and became well acquainted with their langn^e. 
In the destruction of the buildings of the^ission by fire, during the 
Indian war in Washington Territory, the original of the grammar was 
lost, and the translation, published by Mr. Shea, which was made 
some time previously, alone remained. It is to be regretted that a 
more extended dictionary than the one now pablished was also de- 
stroyed at the same time. 

The fourth article is a vocabulary of the same langui^e, of which 
the grammar constitutes the first of this series, and is by the same 
author ; the words are given in the Mntsau and Spanish languages. 

The fifth, the grammar of the Pima, with a vocabnlary in the same 
langnage and in Spanish, was obtained in Toledo, Spain, and trans* 
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lated by BuckiDgham Smith, esq. I^bie maoascript was probably 
taken to Spaio after the suppreesion of the order of the Jesuits id 
Mexico, in 1767. The Pima language was spoken by the tribes from 
the river Yaqai, in Sonora, Dorthward to the Qila, and even beyond 
the Colorado, eastward beyond the mountains in the province of 
Taranmara, and westward to the sea of Cortez. The phrases given 
in these works will preserve the knowledge of what constituted the 
food of the inhabitants ; their manner of living, their character, and 
native customs, &c. This may prove of historic interest hereafter, 
if the facts be nowhere else more circnmatantially authenticated. 

Meteorology. — From 1856 to 1861 an appropriation was made from 
the agricultural fond of the Patent OfBce for assistance to the Insti- 
tution in collecting and reducing statistics relative to the climate of 
the United States. This was commenced while the Patent Office was 
onder the direction of Judge Mason, but was suddenly discontinued 
under a change of administration. The propriety of an appropriation 
for this pnrpose, from the fund above mentioned, must be evident to 
every one who reflects on the intimate connexion between meteorology 
and agriculture. A knowledge of the peculiarities of the climato of 
a country ie an essential requisite for the adoption of a system of 
scientific cnltaro. The average temperature of the spring, antnmn, 
. and of the growing season ; the ratio of the number of unfavor- 
able to favorable years ; the amount of rain, and moisture ; the 
average time of the occurrence of late and early frosts, are all facts 
of importance in the economical adaptation of the crops to a given lo- 
cality, in order to obtain the maximum of produce from a definite 
amount of labor. 

The money received from the Patent Office was expended in assist- 
ing to defray the expense of the reductions of the observations, and 
aa eoon as the appropriation was stopped we were dbliged to di^con- 
tiuue this part of the operations. The Institution, however, still con< 
tinaee to derive some benefit from its association with the Patent 
Office, in receiving throngh it, free of postage, the returned registers 
from the different observers. 

Unfortunately, the postage law adopted at the last session of Con* 
gress prevents the correspondents on agriculture and meteorology 
from sending their repoi^ by mail unless prepaid. This arrange- 
ment almost entirely stops the reception of these articles, for, since 
the service rendered is gratuitous, the observers cannot be expected 
to bear this additional burden. It is to be hoped that Congress will 
BO modify the law as to remove this obstruction to a correspondence 
of great importance to the agricultural interests of the country. 
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Owing to this restriction, the namber of meteorological regieters 
received daring the past year has been dintiniahed, and the transmis- 
sion of nearly all of them would have been discontinned had not 
the Commissioner of Agricnltare, in view of their valne to his 
department, decided to advance to some of the observers the necee- 
sary postage stamps to afiSx to their registers. ^ He woold willingly 
have sent stamps to all, bnt the tax wonld have been too heavy for 
the office : he therefore focnd it necessary to limit the number, 
and in doing so endeavored to make such a selection as woold secure 
registers from districts distributed as nniformly as possible in all the 
States. Those observers, therefore, who have not been supplied 
with stamps should infer from this no disparagement of tbeir observa- 
tions, for among those who have been omitted from the list are 
some whose registers are highly prized for their regularity and 
accuracy. 

Before it was known that this arrai^ment would be made by the 
Commissioner a circular was sent from this Institntion to all the ob- 
servers, mentioning the new feature in the postage law, and reqnesUng 
them to continue their observations, and retain the records nntil the 
law should be modified, or some arrangement could be made by whidi 
the observers would not be subject to the burden of postage.* 

Under the new organization of the Department of ^gricoltare a 
renewed interest has been manifested by the Commissioner in the 
collection of meteorological statistics, and he baa expressed the desire 
to co-operate with this Institntion in continuing and extending the 
system of records of the weather which it had established with so 
much labor and expense. 

In order to obtain and diffuse a knowledge of facts of immediate 
importance to agriculturists, the Commissioner has commenced the 
publication of a monthly bulletin giving the state of the crops, the 
condition of the weather, aud various other items of importance which 
are daily received from observers, and which would lose a considerable 
portion of their valne were they suffered to remtun unpublished nntil 
. the end of the year. For this bolletin the Institntion supplies the 
meteorological materials, consisting of the mean, maximum, and 
minimum temperature and amount of rain for each month in different 
States, and also, for the purpose of comparison, the mean temperature 
and amount of rain for a series of five years, grouped by States ; 

* TMi Iftw luM been chknged since the eboTB WM written, and obAerren can emd thak 
metMrologicol regis ten, 01 otbtf commnnkation^ to the ' ' ComnUsdoiMr of Agri<»ltiin, " wiiA 
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together with tables of important atmospheric changes, and notices 
of auroras, meteors, and other periodical phenomena. The publica- 
tion has been received with much favor by agricalturists, and is 
regarded with great interest by the observers, who are thus fnr- 
uiehed promptly with a general summary of the principal features 
of the meteorology of each month in all parts of the country, with 
which they can compare their own observations. 

In view of the value of the information thus furnished by the 
Institution, it is hoped that the previous appropriation will be 
renewed, and that the reductions which have been dincontinued for 
the last four years m^y be resumed. 

The second volume of the Results of Meteorological Observations 
made for the Institution, from 1854 to 1S59, and reduced by Professdr 
Coffin, 13" still in the press, its completion being delayed by the great 
pressure, upon the public printing oflice, of government work relative 
to the war. 

We are indebted to the courtesy of Captain (now General) George 
Q. Meade, of the topographical engineers, superintendent of the 
surrey of the north and northwostern lakes, add of bis successor iu 
office, Lieutenant Colonel J. D. Graham, for a continuation of the 
favor formerly extended to the Institution in furnishing us with copies 
of the meteorological observations made at the different stations estab- 
lished for the survey. These records are very valuable, being made 
with full sets of instruments and at important places. They em- 
brace observations made three times a day, ^t the same hours with 
the Smithsonian system, 7 a. m. and 2 and 9 p. m., and at ten sta- 
tions, extending from Snperior City in the State of Wiuconein, at the 
western extremity of Lake Snperior, to Safr^tt'a Harbor in New 
York, on the east end of Lake Ontario. 

The Bureau of Medicine and Surgery of the Navy Department eJso 
contiDues to furnish us with the meteorological records kept at the 
□aval hospitals at Chelsea, New York, and Philadelphia. 

For several years previous to the commencement of the war a iai^e 
map was exhibited in the Smithsonian Institution on which was daily 
represented the direction of the wind and face of the sky over the 
greater portion of the United States; and in previous reports we have 
frequently called attention to the fact that a properly organized sys- 
tem for giving daily or half daily changes of the weather in distant 
parts of the United States wonld be of great practical importance to 
the shipping interests of the country ; we have also stated the fact 
that we are much more favorably sitaated for predicting the coming 
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weather than the meteorologists of Earope. The stonoB in oar lati- 
tude generally move from west to east, and, since oor seaboard lb od 
the eastern side of a great continent, we can have informatioo of the 
approachiDg storm while it ia Btill hundreds of miles to the west of us. 
Not 80 with the meteorologists of Europe, since they reside on the 
western side of a coutineot, and can have no telegraphic dispatches 
from the ocean. The proposition, however, to furnish constant 
information of this kind could not be carried out by the limited 
means of the Smithsonian Institution, and, indeed, can only be 
rendered properly aod fully serviceable under the direction and at the 
expense of the government. 

New and interesting features have been introduced into the daily 
meteorological bulletin published by the Imperial Observatory at 
Paris. As mentioned in the last report, these balletins are litho- 
graphed each day from records of the barometer, thermometer, wind, 
and face of the sky, compiled from telegraphic reports transmitted to 
the observatory from various parts of Europe. In addition to these, 
they now contain daily a small oatline chart of Europe upon which 
are drawn diagrams showing the barometric curve of the day through 
the various stations, together with the temperature and direction and 
force of the wind. For the use of vessels about to leaivo port, a state- 
ment is also given of what will probably be the direction of the wind 
the next day. Chambers of commerce and intelligent seamen have 
acknowledged in strong language the benefit of these daily bulletins, 
thus adding to the ever-accumulating testimony in favor not only of 
the speculative interest but also practical benefits of meteorology. 
At Bordeadi, Havre, and other important ports, as soon as the bul- 
letins are received, the telegraphic announcement of the weather and 
the probable direction of wind for the following day are posted ia 
pabtic places and famished to the principal newspapers for publica- 
tion. The bulletin also contains extracts from the correspondents of 
the observatory on astronomical and other subjects as w.ell as meteo- 
rology. With the number for December 20, a supplement was issued 
with a diagram exhibiting the indications of the self-registering instru- 
ments at the Royal Observatory, Greenwich, during the great storm 
on the English coast in the first three days of December, 1863. 

Laboratory. — The principal work which has been done in the 
laboratory during the past year is an extended series of experiments 
on the properties of different kinds of oil intended for light-house 
purposes. For a number of years past the price of sperm oil has 
been constantly increasing, and from a dollar per gallon it had ad- 
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TSDced last year to two dollars and forty-three cents. It became, 
therefore, an important matter to the Light-bouse Board to determine 
whether eome other hnrDiog material coald not be introduced in the 
place of so expensive an article. The inveatigation of this subject 
was given in charge to myself, as the chairman of the Committee on 
Experiments. The result of the investigations not only revealed 
a number of new phenomena of interest to science, but also estab- 
lished the important practical fact of the superiority of -winter 
fltrained lard oil over standard sperm oil in the intensity of the light, 
the steadiness and persistence of the flame, and the less care required 
in attendance. This fact must have an important bearing on the cost 
of lighting the extended coast of the United States, as well as upon 
the commercial value of one of the staple prodaots of the western 
part of our Union. The price of lard oil is, at present, considerably 
less than one-half of that of sperm, and while the supply of sperm oil 
has remained stationary, or even diminished with an increasing de- 
mand, the sources of lard oil in the country are abundant, and the 
quantity which can be produced will be safficient to meet almost an 
unlimited consamption. 

Another series of experiments was made for determining the proper 
arrangements of reflectors and lenses for illuminating distant oh' 
jects either by the electric or the calcium light. These experiments 
were instituted at the suggestion of the Navy Department, but as no 
appropriation was made for their being carried into practice, they 
were discontinued, and the knowledge obtained remains unapplied. 

Cd^diotiB of epecimena of nalurni kiittory, &c. — In several of the 
preceding reports a distinction has been drawn between the collec- 
tion of specimens of natural history made through the agency of 
this Institution, and what is called the Smithsonian museum. The 
object of making large collections of duplicate specimens is, first, to 
advance science by furnishing to original investigators new materials 
for critical study; and second, to assist in diffusing knowledge, by 
providing colleges, academies, and other educational establishments, 
with labelled specimens to illustrate the various productions of nature, 
while the principal end to be attained by the public museum of the 
lostitutioQ is the gratification and instruction of the inhabitants and 
visitors of the city of Washington. 

The collecting and distributing of a large number of specimens, for 
the purpose stated, is an important means of increasing and diffusing 
knowledge, and, as such, is in strict accordance with the will of the 
founder of the Institution. It has, therefore, from the first received 
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mncli atteotion, sod baa been attended with a commeoBiirate amount 
of beneficial results. Among the collectiona received during tbe paat 
year Lave been epecimene of great interest, either the resnlta of 
exploratione, nodertaken by the Institution, or of exchanges with 
individuals or local societies. Tbe materials thus collected belong 
priucipally to two classes, namely, to specimens of new or rare forms 
intended to advance natural history and dnplicates of such as are to 
be labelled and distributed for the purposes of education. Among 
the former are the collections of Mr. Kennicott, whose explorations 
have been mentioned in previous reports. They ace of a very valu- 
able character, illustrating the natural history and ethnology of the 
northwestern portions of the continent of North Amorica. The 
specimens received in 1863, from this exploration, filled forty boxes 
and packages, weighing, in -the aggregate, 3,000 pounds. They em- 
brace in the line of natnral history thousands of skina of mammals 
and birds, eggs, nests, skeletons, fishes, insects, fossils, plants, &c. 
In the line of ethnology are skulls, dresses, weapons, implements, 
utensils, instruments of the chase, in short, all tbe requisite material 
to illustrate the pecnliarities of the Esquimaux and different tribes of 
Indians inhabiting the northwest regions. 

In addition to the collections obtained from the British possessions 
in North America, by Mr. Kennicott, specimens have been received 
from other points and other parties. Among these are a series of 
birds and eggs from Labrador, gathered by Mr. Henry Connolly, and 
a large amount of new material from Mexico, collected by John Xantus, 
under the auspices and at the expense of the Institution, consisting of 
birds, fishes, reptiles, shells, Ac. Anotherseriesfromthe same country 
has been presented by Dr. Sartorius, who has, for a number of years, 
been one of the meteorological observers of the Institution. Intdr\ 
eating collections have been received, also, from Dr. A. Van Franlzins, 
of Costa Rica; from Mr. Oabert Salvin, of Guatemala; from Captain 
J.'M. Dow, of Panama; specimens from Cuba have been presented 
by Mr. C. Wright and Prof. Poey; from Trinidad, by Mr. Galody, 
United States coneul; from Jamaica, by Mr, W. T. March; from Ecua- 
dor, by the Hon, C. T. Buckalew, now of the United States Senate. 
A valuable contribution of birds ant^mammals has also been received 
from Prof. Sumicbraat, of Orizaba. These collections are all intended 
to innetrate the natural history of the American continents, to the 
investigation of whose extended regions the Institution has especially 
directed its labors. 

In order to facilitate the preparation of a work on the birds of 
America, by Prof. Baird, a circular from the Institution was dis* 
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tribated through the State Department to the coDBular and diplomatic 
agents of the United Statea in Central and South America, askiog aid 
in completing the collection of birds, and we doubt not that much 
new and valuable material will thus be obtained. 

The following are the rules which have been adopted id regard to 
the dittpositioQ and use of the coUectionB: 

First. To advance original science, the duplicate type specimens 
are distributed as widely as possible to scientific institutions in tbiu 
and other oountri^, to be nJied in identifying the species and genera 
which have been described. 

Second. For the purposes of education, duplicate seta of specimens, 
property labelled, are presented to colleges and other institutions of 
learning in this country. 

Third. These donations are made on condition that doe credit is to 
be given the Institution in the labelling of the specimens, and in alt 
acconnts which may be published of tfaem. 

Fourth. Specimens are presented to foreign institutions, on condi- 
tion that if type specimens are wanted for comparison or other nse 
in this country they will be furnished when required. 

Fi/lh. In return for specimena which may bo presented to colleges 
and other institutions, collections from localities in their vicinity shall 
be fi^nished when wanted. 

In the disposition of the nndescribed specimens of the collection, 
the following considerations have been ob.jerved as governing prin- 
ciples: 

First. The original specimens are not to be intrusted for descrip- 
tion to inexperienced persons, but to those only who have given evi- 
dence of ability properly 4o perform the work. 

Second. Preference is to be given to those who have been engaged 
in tbe laborious and difficult enterprise of making complete mono- 
graphs. 

Third. The investigator may be allowed, in certain caaes, to take 
the specimens to his place of residence, and to retain them for study 
a reasouable time. 

Fourth. The use of the specimena is only to be allowed on condition 
that a aeries of types for the Smithsonian museum will be selected 
and properly labelled, and tbe whole returned in good condition. 

Fifth. In any publications which may be made of resnltsderived from 
an investigation of the materials from tho Smithsonian collection, fiiU 
credit must be accorded to the Institntion for tbe facilities which 
have been afforded, . DiqmzecDvOooylc 
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Dnring the past year the aseortiog and labelling of the specimeoB 
have been contioued, as well as the distribution of duplicates. 

The whole number of entries oq the record book of the Smithsooian 
collection, at the end of the year 1861, was 6C,075 ; at the end of 
1862, 74,764, and at the end of 1863, 86,847 ; bnt exch entry indi- 
cates a lot consisting of a number of specimens. The whole number 
of duplicate specimens distributed to different institutions in this 
country and abroad, up to the end of the year 1863, has been 94,713. 
As these specimens are distributed on the express condition that fall 
credit is to be given to the Institution ou the labels, and in all pubr 
licatiouB which may relate to them, the name of Smithson, even 
through this distribution alone, would become familiarly known io 
every part of the civilized world. 

It has been, from the first, one of the prominent objects of the 
Institution to collect the most ample materials for illustrating the 
entire natural history of North America ; to determine the different 
species of plants and of animals ; to ascertain the distribution of the 
former, and the migrations of the latter. This object it has endea- 
vored to accomplish through the agency of the different surveying 
expeditions of government ; through explorations instituted at its own 
expense, and by enlisting the co-operation of individuals interested 
IB science, and of local scientific societies. In all its efforts ip this 
line it has been heartily supported, arid it is believed that its labors 
have been productive of valuable results. The collections thus made 
have been intrusted to competent investigators for examination and 
description, and the results published in the different Smithsonian 
ieries, in transactions of societies, and in various government reports. 
For a list of what has already been prepared and published, either 
by the Institution or under its direction, I would refer to a report on 
this subject in preparation by Professor Baird. 

Museuta. — The additions to the museum, in the line of natural his- 
tory, are principally confined to the type specimens which have been 
collected and described at the expense of the general government, or 
nnder the immediate auspices of the Institution. Even thus restricted, 
the specimens increase in number more rapidly than the portion of 
the Smithsonian fund which can be devoted to their support will 
anthorize. Few persons have ao idea of the labor, constant care, and 
expense which attends the proper preservation of a series of objects 
of natural history ; bnt those who have had the necessary experience 
know that large miscellaneous collections can only be properly sup> 
ported by governments , and, in the establishment of prctyj^iti^^Ji fipcie- 
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ties, the rale baa bees strongly recommeDded of attempting to pre- 
serve Dotbing except what is strictly local. '.' It is the experieoce 
of societies," saya Dr. Jardine,* the celebrated Scotch naturalist, 
"tba.t general collections are encumbrances, and in most instances 
get destroyed for want of care, or they are dispersed. Within these 
few years the really fine and valuable collection of the Zoological 
Society of London, chiefly presented by the late N. A. Vigors, a 
first-rate scholar and naturalist, and containing many anique things 
from our scientific exploratory voyages, has been sold. That of the 
Entomological S(K:iety has also boen sold, and the greater part of that 
belonging to tbe Linnsean Society was sold daring the last month, 
because there was not sufficient space to keep what had been pre- 
sented to them. The collection of the Royal Society of Edinburgh 
is now undergoing the same process." 

During the past year the work of labelling tbe specimens in tbe 
museum, so that the common, as well as the scientific name of each 
article may be distinctly exhibited, has been continued. 

^jthralUms. — The only explorations daring the past year, nnder 
the auspices and at the expense of tbe Institution, are, Ist, the con- 
tinuation of that of Mr. Xantus on the western coast of Mexico ; and, 
2d, that by Mr. Meek in Ndw Jersey aud the lower part of Virginia. 
The explorations of Mr. Xantus extended several hundred miles 
along the western coast of Mexico in a region tittle koown, and very 
abundant in interesting objects. 

The exploration of Mr. Meek related to the collection of complete 
series of shells to illustrate the tertiary formation of the seaboard of 
New Jersey and Virginia. Several series of shells were obtained, 
which are in the process of being accurately labelled, and are intended 
for distribution to some of the principal colleges of the country. 

Exchanges, — The important aid rendered to science and literatnre 
by the system of international exchange which ba» for many years 
been actively carried on by the Institution, is still everywhere highly 
appreciated. Our operations in this line are becoming more and 
more extensive, requiring an additional amount of time, labor, and 
attention, as well as largely increasing in expense. The great liber- 
.aJity of many of the transportation companies alone enables as to 
carry on the system in its present extent, and we again tender our 
acknowledgments, especially to the following parties, who have 

* Addreu of Sir W. Jardine, preaident of the Dam&iuahiia >iid Oslloira^ Nstnml History 
■nd AntiqaariaQ Society, December, 1863 _, . 
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aBeiet«d ns id tbie respect : The North German Lloyd, between Bre- 
vaen and New York ; the Hamburg and New York steamship line ; 
the Cunard line ; the Panama Railroad Company ; the Faci&c Mai) 
Steamship Company ; Adams's Express Company, and the Hudson's 
Bay Company. 

During the past year it waa deemed advisable to establish a new 
agency of exchanges for Holland and Belgiam, and Mr. Fred. 
MuHer, bookseller, at Amsterdam, who was appointed the agent, 
has'cntcred upon the discharge of his duties with zeal-and cfGciency. 
The numbers of the transactions of the societies in the countriea 
referred to necessary to complete the sets in the Smithsonian library, 
as well as much other valuable scientiSc and literary material, have 
been procured by him. The othor foreign agents of the Institution 
are still Dr. Felix Flugel, Leipsic, Mr. Wesley, London, and Gustave - 
BoBsange, Paris. 

From the tabular statement given by Professor Baird, it appears 
that during the year 1863 there have been sent to foreign countries 
1,426 packages, each containing a number of articles, enclosed in 61 
boxes, measuring 447 cubic foet, and weighing 10,286 pounds. The 
number of packages received in return for societies and individuals in 
this country was 1,522, included in which, for the Smithsonian Insti- 
tution, were 4, 589 books and pamphlets, besides specimens of natural 
history. . 

Library. — ^The policy in regard to the library as has frequently 
been previously stated, is to form a collection as perfect as possible 
of all the tranactions and proceedings of the learned societies of the 
world. The success of the Institution in this enterprise has been fully 
commensurate with the expectations entertained, and the collection of 
works of this class, if the accumulation continues under the same favor- 
able conditions, will soon rival any other 9f a Ulie kind in the world. 
The liberal distfibution which the Institution hasmadeof itsownpub- 
licationft and those of government has produced a rich return in series 
of transactions which, although existing as duphcates in some of the 
older librarioB of Europe, can scarcely be obtained by purchase. 

it was mentiwied in the last report that the number of transactions 
and proceedings of learned societies contained in the library of the 
Institution bad increased so much that a new edition of the cata- 
Ic^ue previously published had become necessary. This work has 
since been put to press, and will foe printed "as rapidly as the care 
necessary to insure acccuracy will permit. Copies of this catalogue 
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will be distribnted to all the principal librariea of the coaotry, and 
with the liberal policy whicb bae been adopted in regard to the books 
of the SmitbsoniaD collection, will serve to render the library more 
generally useFnl. 

By exchanges there have been received 719 octavos, 167 quartos, 
and 24 folios ; of parts of volumes and pamphlets, in octavo, 2,119 ; 
in quarto; 779 ; irf folio, 581 ; maps and charts 200 ; total, 4,589. 
In addition to these about 400 volumes were purchased. 

Among the valuable works received during the year, are the fol- 
lowing : 

55 volumes from the Royal Library of Stockholm." 

Comptes-Rendua, 1859, 1860, 1861, with atlas, from the Commission 
Imperiale ArcheBlogique, St. Petersburg. 

12 volumes and 18 parts of volumes from the Koninlijk lustitat des 
Ingenieurs. d' Gravenhage. 

52 volumes and 94 pamphlets from the Nederlandscb Maatschappig 
ter Bevorderiug van NijverheLd, Haarlem. 

10 volumes of its own publicationsfrom the Societe pour la recherche 
et la conservation des Monuments Historiqucs du Grand Ducbd de 
Luxembourg, Luxembourg. 

24 volumes and 12 parts from the Kaiserlicho Akademie der Wis- 
Henscbaften, Vienna. 

9 volumes and 29 charts from the Etablissement G^ograghique de 
Bruxelles. 

21 volumes of Proceedings from the Soci^td d'Agricnltare, Com- 
merce, Science et Arts du Dept. de la Marne. . 

24 volumes of Proceedings and Transactions from the Institution 
of Civil Engineers, London. 

36 volumes and 114 charts from the Board of Admiralty, London. 

Largo donations from the Royal University of Norway. 

Braddam'a Memoirs of the Royal Society of London, vol. I — X, 
1745, from Mrs. Mary A, Malthie, Syracuse, Now York. 

26 volumes from the Regents of the University in behalf of the 
State of New York. 

I/ectures. — The usual course of lectures has been commencod for the 
present season, and will embrace the following : 

Five lectures, by Rev. John Lord, of New York, on the "Fall of 
the Roman Empire." Svbjects. — X. The grandeur and glory of the 
Ancient Civilization — The external splendor of the Roman Em- 
pire in its latter days. IL The internal hollowneas and defects 
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of Ibe old Roman civilization — The shame and miseries of society— 
The vices of eelf-ioterest, and preparation for violence and iaev- 
itablo ruin. III. The fall of the empire, and the deeolationa pro- 
duced by the barbarians — The deBtruction of the old fabric of eo- 
cioty. IT. The reaaona why the old conservative inUuences of 
pri^aniflm did not arrest the rain — The failure of art, literatnre, and 
KcJonco, and the mechanism of governments. T. The reasons why 
Chriutinnitydid not save the Empire, and the ideas which the chnrch 
inmrpornted with subsequent civilizations — The foundation of the 
now Toutonic structure. 

Thrco lectures, by Professor Lonia Agassiz, of Cambridge, Uassa- 
chuRctta, on tho "Glacial period." 

0«o locturo, by Professor J. L. Campbell, of Wabash College, on 
"Ouliloo." 
Hovcn Ii'cturea, by Dr. Reinhold Solger, on " The Races of Men." 
Si,x loeturoB, by Professor W. D. Whitney, of Talo College, on 
" Philology." I. History and objects of linguistic science — Plan of 
tlioHct lootures — Why and how do we apeak English — How language 
in proHorvod and perpetuated — Ita constant change — The study of 
languiigo an historical science. II. Illustration of the proceases.of 
growth and change in language — Formation of words by combination 
of old mate rinls— Mutilation and corruption of existing forma — Change 
and dovotopment of meaning — Rate of progress of these changes. 
III. Stntoment and illustration of the influencea causing the growth 
nf diitlocts, and those checking and counteracting this growth — Our 
longuago a Oermanio dialect, with partly French vocabulary — Other 
Inngungoa with which it is related — Branches of the Indo-Eoropean 
raniily of languages, and proof that they are of common descent-7 
riuoo, period, and grade of civilization of the original tribe. IV. Hia- 
lorloal and linguistic importance of the Indo-European race and Ian- 
Itiiiigt^ — History of the language — Its development from monoayHabic 
rimtd. V. Survey of the other great families of language, Semitic, 
Hoythian, Chinese, Polynesian, Egyptian. African, and American — 
Unlntoil languages not included in these families. YI. Comparative 
Vfthio of linguistic and physical evidence of race, and their relative 
Wtiiiitgon the science of ethnology — Relation of the study of language 
iv tho question of the unity of the human race — origin of language — 
iU character and value to the human race.* 

The number of applications for the use of the lecture-room has 
* A vjiMptb of dkia eooiM of IwtaiM hu boea AuBlslted b; Uk MitbM for inwrtioD in the 
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been much less siace the adoption of the rule reatricting its uee to 
the pnrpoaee of the Institution exclusively has become more geuer- 
ally koowD. Thia rule, which has been widely approved of by the 
enlightened public, has precluded a large amuant of unprofitable cor- 
respondence and enabled the Institution to avoid an embarrassing and 
inauepiciooH conneziou with sensational esposrtiouB of the exciting 
subjects of the day. 

From the preceding account of the present condition of the Insti- 
tation, and of its operations during the past year, as well as from the 
examination of the collections and publications, it is hoped that, not- 
withstanding the unfavorable condition of the country for soientiSc 
research, and the diminished means at our commaud, it will appear 
that the line of policy and of action originally adopted has been pur- 
sued with unabated ardor and with corresponding success. 
Respectfully sabmitted. ', 

JOSEPH HENRr, Secreta^. 

Washington, 1864. 
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Smithsonian Institution, 

Waihington, Decemher 31, 1863. 
Sir : I have the honor to preeent herewith a report, for 1S<J3, of the opera- 
tions iutrusted to my charge, consisting especially of those relating to the 
priating, the exchanges, and the collections of natnral history. 
Very reepectfnlly, your obedient servant, 

SPENCER F. BAIRD, 
AtaUtant Secretary Smithtonian ImtiCtUum. 
Frof. JosBPU Henbv, LL.D., 

Secretary Smithsonian Inttilution. 

PBINTlNfl. 

An accompanying tahle will show the works printed daring the year, and 
also those now in press. The total numhcr of pages belonging to works finished 
within the year is : 

Of quarto papers .' 350 pages, 3 plates. 

Octavo Uiscellancous Collections 1, 313 pages. 

Of works stiU in press there have been printed ; 

Of quarto works, about 108 pages. 

Octavo 443 pages. 

Making a total of 458 quarto pages, and 1,756 octavo, exclusive of the annual 

report to Congrees, nearly finished, and to fill 450 pages. 

EXCMAhGBS AND TRANSPORTATION. 

The syBteiQ of exchanges has been in a highly successful condition during 
1SC3, both the receipts and transmissions being fully equal to the average of 
any previous year. The attendant expenses of thia branch of operations are, 
however, grcut and iucreastug, and would long since have become almost pro- 
hibitory but for the liberality exhibited by various transportation companies in 
carrying the boxes and parcels of the Institution free of any charges for freight. It 
is not too much to say that thousands of dolla'ra ore thus presented by the com- 
panies as a rceoguitiou on tbeir part of the great importance, domestic as well 
aa international, of these operations of the Institution. . Among the parties de- 
serving of especial mention in this connexion are the proprietors of the Cunard 
steamers between New York and Liverpool, and New York and Havana ; the 
North G-ermau Lloyd, between New York and Bremen ; the Ilamburg American 
Packet Company, between New York and Ilamburg; the Panama Railroad 
Company; the Pacific Uail Steamship Company ; thelludson'sBay Company; 
the Adams Express Company, &c. C 'dnok' 
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The Institution ie under especial obligations, for important Bcrvicee rendered 
in this connexion, to the Hon. Hirara Bamey, collector of the port of New York, 
and to hie assistant, Mr. George Hillier ; to Mr. A. B. Forbes and Mr. Hubbardt 
of the Pacific Mail Steamship Company, in San Francieco, aa well aa to the 
regular agent? of the Institution, 

Daring the year, 1863, a new literary agency of the Institntion was established 
for Holland and Belgium. Mr. Frederick, Miiiler, bootsetler, of Amsterdam, was 
placed in charge, and he has already rendered mncli service. The other foreign 
agents of the Institution — Dr. Felix Flilgel, of Leipsic j Guatave Bossange & 
Company, of Paris ; and Mr. William Wesley, of London— continue to dis- 
charge tbeir dufiea with cfGciency, and to the full satisfaction of the Insti- 
tntion. 

The namber of institutions and individuals, at home and abroad, making use 
of the facilities of ecientific exchanges offered by the Smich.°onian Institution ia 
coQtinnally on tbe increase, and it is believed that any interruption or suspen- 
sion of this part of tbe programme of operations would be considered as a serious 
calamity. 

In 1862 the Ins^tation distributed four volumes of Miscellaneous Collections, 
one volume of Annual Reports, and one thick quarto volume of Meteorological 
Records and Reductions. In 1863, owing to various circumstances, the Annual 
Report for 1861 was the only volume distributed, although many copies of 
separate papers were sent abroad. For this reason thebulkof sending, in 18C3, 
was lees than that of previous years, but it is expected that tbe difference will 
be folly made up in 1864. 

The following tables exhibit the dctaUa of the operations in the line of ex- 
change during 1863 : 



Receipt of book», ifc., by exckattge m 1863. 
Volumes : 

Octavo 719 

Quarto 167 

Folio a* 

910 

Porta of volumes aod pamphlets : 

Octavo a, 119 

Quarto 779 

Folio 681 

3. 479 

Uapa and charts : 200 

Total 4,589 

Receipts in 1861 ."... 2,886 

Receipts in 1862 S, 035 
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m 1863. 
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W. "WESLEY, London— 


169 
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14 
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c. 

Addretied packaget received by the Smithionian Ltititittion from partiet m 
America Jhrjbreign dUlribution in 1863, 

Albany. N. Y. — Nnmbw of [wckagM. 
Prof. Jamca Hall 9 

Botton, MdM. — 

American Academy of Arta and Sciences 116 

BoBtoD Society of Natural History 205 

C. J. Spraguo 1 

Cambridge, Matt- — 

Harvard College 31 • 

filuBeiim of ComparatiTe Zoology 342 

Alexander Agaasiz •■ 34 

Prof. Asa Gray ' 80 

Jnles Marcou '"'t^UOylc * 
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Cleveland, Ohio — 

Dr. J. S. Newbeiry 60 

Colttmbiu, Ohio— 

Ohio State Board of Agriculture 102 

Detroit, Mich. — 

Lieut. Col. J. D. Graham, U. S. A 56 

JaMMuilie, Wit. — 

Inetitntioa for the Blind 73 

Montreal. Can. — 

Prof. J. W. Dawson 7 

A'«c Haven, Conn. — 

American Journal of Scieuce IS 

American Oriental Society 8 

Prof. J. D. Daua 15 

New York, N. Y— 

Hercantile Library 10 

New York Lyceum of Natural History 101 

Philadelphia, Pa.— 

Academy of Natural Sciences . 165 

Entomological Society of Philadelphia 9 

Pharmaceutical Association 100 

George W. Tryon 57 

Santa Barbara, Col. — 

A. S. Taylor 60 

St. Louis, Mo.-^ 

St. Louis Academy of Sciences 172 

Salem, Ma»».— 

Prof. J. S-Ruseell 1 

Toronto, Can. — 

Canadian Institute 6 

Utica, JV. r.— , 

State Lunatic Aayltim 4 

Washington, D. C— 

United Swtea Coast Survey 679 

United States National Observatory 149 

United States Patent Office 465 

Superintendent of Census 200 

J. E. Hilgard 15 

Windsor, Nova Seotia — 

Prof. H. How 18 

3.316 
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D. 

Addrtufd packagtt received by the Srnithmnian IiulitHtio» from Europe, for 
dittribtUion m Awtrica, in 1863. 



ALBANT, NEW YORK. 

Uban7 Institato 

Albtiny Library , 

Dadley Obscrvfttory 

New Vorlt SfatoA^.icnltural Society,, 

New York Stale Library 

New York Siale Medical Society 

Kew Yutk St(i:e Uoivereity 

Dr. E. Emuions 

PiQ feasor James Hall.- 

AMHERST, MASSACHUSETTS. 

Amberet College 

Dr. E. Hitchcock 

Charles H. Hitchcock , 

Profensoi Charles Uphaio Shepherd. ., 

ANNAF0U3, MARYLAND. 

Stale Library 

AKN ARBOR, MICHiaAK. 

Observatoiy ...... 

Dr. BnmuDVT 

ADOUSTA, HAIHE. 

State Library 

BALTIMORE, MARYLAND. 

Haiyland HiRtorical Sodety 

Peabody lastitute 

Dr. J. J. Gravea 

Dr. John O. Morris 

P. R.Uhler , 

DOSTOIt, HASSACITDSETTS. 

American Academy of Art« and Sci- 

Boeton Soci^y of Natural Hislory . . . 

Bowditch Library 

Geological Surrey of Haasachu- 

UasBacbneetU Historical Soi^ty 

Neiv England Ustorico-Oenealogical 

North JUnerkan Review 

Perkins' iDstitute for the Blind 

PriBon Disdpliite Society 

Public Library 

State Library 

Dr. S. L. Abbott «... 

Dr. T. W. Hatria 



BOSTON, MASS.— Continued. 

Profeasor C. J, Jackson 

Profcasor Kt^tt 

8. U. Scuddcr 

Cbarlea Spragne 

George Ticknoi , 

BRATTLE BOKO', TERHOHT. 

AAylnm for Insaiw 

BRDNSWICK, HADtB. 

Historical Society of H^ne 

BDRLIHaTOK, IOWA. 

Iowa Historical and Oeitealoglcal Id- 

BURUNGTOM, TERMONT. 

Unirorsity of Vermont..... 

CAMBRIDGE, MASSACRUSETTS. 

American AssociaUon for Advancs- 

ment of Science 

Aatronomical Jaomal 

Harvard College .- 

Obaerrato^ of Harvard College 

Professor L. Agassiz 

O. P. Bond 

ProfesBor H. J. Clark 

Profensor J. P. Cooke 

Dr. Jolin Deaji .... 

Hon. Edward Everett ■ . 

Dr. B. A. Gould 

Froftflsor Asa Gray 

Professor H. W. Longfellow 

Profeesor J. Lovering 

Professor Jules Harcon 

Profeas<# B. Peirce ... 

F. W. Putnam 

Dr. T. H. Saffbrd 

Profeasor O. A. Schmit 

Mr. Tattle 

CRICAQO, ILLINOIS. 

Academy of Sciences 

Mechanics' Institute , 

Aatronomicat Obaervatorr 

Dental Hegislcr of the West 

Historical and Philosophical Ebcletr 

of Ohio ;. 

Mercantile Library 

JohnO. Anthony ..». 
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Q.-—Addrtuedpacltaget received by the Smithmitian Iiutitutioit, Ifc. — Continued. 



[. REW YOHR. 

ObsoTTatoiT of Hamilton College 

Dt. C. H. F. Fetoia 

COLDUBIA, mSSOUBL 

Oeological Smrej of UisMiari 

COLUMBIA, PBMMSILr AHU. 

ProfMMt&&.HBldBmaii 

couwBUS, omo. 

Oluo State Board of Agricultnn 

Stale Library 

Leo LMquerenz 

COBCOBD, BEW HAMFSHIBS. 

New Hamptfafn HtUotJeal Soraetj.. 
StaULibiarj 

DE8 HOINEB, IOWA. 

State Libnuj 

DETROIT, mCHiaAB. 

Uichigan State Agricnltoral Society. 
lienienaiit Colooel J. D. Oraham... 
Dr. Tappan 

DOkCBBSTEH, UAiaACHDSETTa. 

Di. EdwardJarvu 

EA9T GKEEBWICB, HEW YORK. 

AMFileb 

EASTON, PEKNSVLTAHl^. 

Pro£ J. H. Co£Sn 

FRANKTORT, K£HTUCKT. 

Oeoloeical Surrey of Keotacky 

Bute Library 

nAMBIIfB, OHIO. 

Eeoyon College 

OEOSQETOWir, o. c. 

Oeoivetomi Collwe 

Dr. H. King 

A.8ci»« 

48 



RARTFWID, CONNECTICUT. 



BAT ANA, CUBA. 
Boyal Ecoitomioal Society... 
nUDSON, OHIO. 



IOWA CTTT, I 

State Cnivenity 

lACKSOKVILLE, 1 

Institution for the Blind 

jAHEeriLLB, WISCONSIN. 

State IiutitutioD for the Blind.. . 

JEPFEBSOK C 



LANCASTER, OHIO. 

Dr. J. M. Bigelow 

LAKSIKO, mciIIBAN. 



LEON, SEW YORK. 

T. Apoleon Cheney 

LITTLE ROCK, ARKANSAS. 

State Library 

LOUISVILLE, KENTUCKY.. 



Colonel Lone 

Professor J. Lawreni 
Dr. L.P,¥anaeU.. 



• Smith. . 
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Hittorical Society of WlEconliD 

Skuidin&viske FresAe-Foreiuiii;-- 

SUkte AimcullarBl 8ociely 

8UI« Libraiy 

MOSTPBLtER, TERHONT. 

HiitOTical and Anllqauian Society of 

Vermont 

State Library 

Albert Uftgcr 

HOHTUEAL, CANADA EAST. 

HatoTftl History Society 

ProfMwr Billings 

Thomu E. Biaek<velt 

FroleBaor J. W. Dairioii 

SirW. LoMD 

FrofesBorT. S. Hunt 

U. Toly de Lxitbinidre 

MEW BRUNSWICK, NEW JEK9KT. 



SEW HAVEN, CONNECTICUT. 

Antericsn Journal of Science and Arts. 

American Oriental Socielj' 

Tale College 

lYolesaor J. D. Dana 

Professor E. I.oomis 

ProfBMor B. SiUioian 

ProfeMorW. D.Whitney 



NEW ORLEANS, LOUtSUNA. 
Nflr Orleans Academy of NalDrat Sci- 



American Anicaltnrist . 

American Ethnological Society 

American GeopBpG leal and Statistical 

Society 

American Institute 

After Libtaiy 

Farmer and Mechanic , 

Historical Society 

Jonmal of Pharmacf 

Medical College 

Hew York City Lunatic Atflom 

Vew York Dental Journal ,.. 

New York Ljcenm of Notnnl Histor;. 



NEW YORK, a. r.— Gontinned. 

University 

W.Cooper , 

Dr. Draper . .... 

Dr. Daniel Eatoa .. , .... 

T. Eglcston 

D.G.Elliot 

T. W. Greene 

Dr. Harper 

C. F. Jong 

O. N. J^awrence 

CharleeB. Norton 

Edward Norton ., 

Baron OetcDsacken..., 

Tetnple Prime ..... 

John H. Kedfield 

James Rennick . 

Dr. JohnTorrey 

Mr. Wbeatley 

HORTHAHFTON, MASSACHUSETTS. 

Hr. Lyman 

OLTHPU, WASHDiaTOR TSBRITORY. 

Territorial Library 

OHABA, NEBRASKA. 

Stale Library 

OWEOO, NEW YORK. 

Mr. Pmnpelly 

PEORIA, ILUNOIS. 

Dr. Brendel 

PHILADELPBIA, PEXNSVLVANU. 

Academy of Natnral 8cienc« 

American Philosupbical Society 

Central Uigb School 

Dental Cosmos 

Entomological Society 

Franklin iDBtitute 

Historical Society of Pennsylvania- . 

iDstitalion for the Blind 

Wagner Free Institate 

Dr. Allen 

A. D. Brown 

Lorin Blodgat 

J. Cassin , 

F. Clay , 

T. A. Conrad 
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D. — Addretttd packages received by the SmUAt<mian Iiutittition, Ifc. — Continiied. 



PHILADELPHU, PA.— ConUnoed. 

E. Dnnod 

Professor Haldemftn 

Dr. Isaac Le« 

Dt. J. K LeConte 

Dr. Joseph Lridj 

H. Norton . 

O. Ord 

William Sharswooa 

H. 8, Tanner 

George W. Tryon , 

ProreeaoT Wagner 

HoraUoC. \^od 

PSINCETOK, XEV iERSET. 

FrofesMT A. Gnyot 

FBOVtDERCE, RHODE IBLAMD. 
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It IB Ratifying to be able to state tb&t tlie interest in the subject of natural 
liiatory, which received so material a check in 1861, and showed symptoms of 
revivtd in 1862, has continued to manifest itself still more strongly daring the 
year 1863. No better indication of this could be found than in ttie increase in 
the number of colleetions received by the Inetitution, which amoanted to S64 
Satinet donations in 1863. while, in 18C2, there were bnt 1S4. 

Among the collections received have beeu many specimens of great interest ; 
some, the results of special explorations nnder the auspices of the Institution for 
developing the natural history of portions of this continent ; others, the sponta- 
neous offerings of correspondents ; and others, again, exciianges received in return 
for donations of specimens on the pai-t of the Institution. No additions have 
been mode by purchase, the Institution not having funds at its command for 
this purpose, it has, nevertheless, been found llint a given amount of money 
can be tetter applied in meeting the espensea of explorations in particular 
regions than in buying collections already made. The results thus obtained 
are usually more varied in their charactL-r, and more important, from having 
been accomplished under definite instructions, and with special reference to the 
acquisition of facts and infoi-maiion additional to that which would be furnished 
by the Kpecimcns themselves. It is not merely spccimeus of natural history 
that are secured in the course of the several explorations, but information is 
obtained respecting the habits nf animals, the ethuolngical peculiarities of human 
races, the meteorology, the physical geography, the geology of the conntiy, &o. 



Among the explorations wholly or partially carried on under the auspices of 
the Smithsonian Institution, and furnishing results of more or less interest, may 
be mentioned the following : 

Exploratioiu hy Mr. KennkoU. — A brief mention was made in the last 
report of the retnm of Mr. Kennicott, late in 1862, after an absence of nearly 
four years in the north, his movements while there having previonsly beeu indi- 
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cated in the roporte of 1S59, 1860, and 1861. By the arrival of all his coUcc- 
tioDs, and those of gentlemen connected with the Hudeoa'a Bay Company, who 
have HO liberally aided him and the Institution in the effort to devtiop a 
knowledge of the natoral and phyeioal history of the north, we are now enabled 
better to realize the magnitude of the results of these operations. The collec- 
tiooa received in 1863 (which include some which should have arrived in the 
end of 1862) filled forty boxes and packages, many of them of large size, and 
weighing, in the aggregate, about 3,000 pounds. They embraced thousands of 
kins of birds and mammals, eggs of nearly all the birds nesting in the north, 
numerous akulta and skeletons of animals, fishes in alcohol and preserved dry, 
insects, fossils, plants, &c. 

Kot in any way inferior in luterest and importance to the natural history 
collections were those relating to the ethnological peculiarities of the Gnqnimaux 
and different tribes of Indians inhabiting the Arctic regions. It is believed that 
DO such scries is elsewhere to be found of the dresses, weapons, implements, 
atensils, iastniments of war and of the chase, &c., &«., of the aborigines of 
Northern America. 

The cataloguing and labelliDg of the specimens last received is now nearly 
completed, and Mr. Kennicott will then proceed to make a detailed report of the 
■cieutilic results of his operations, as well as those of the various gentlemen of 
the Hudson's Bay service who co-operated in the work. The materials at hia 
command will sei've to fix with precision the relationships of the arctic animals 
to those of more southern regions, their geographical distribution, their habits 
and manners, and other particulars of interest, and to extend very largely the 
admirable records presented by 6ir John Richardson relative to arctic zoology. 
The Institution has already acknowledged, in many ways, its indebtedness 
to the Hudson's Bay Oompany, na well as to its officers, for their uumcrouB 
favors — the compnny itself, through its eecretaiy, Mr. Tbos. Fraacr, of Ijondou; 
the governors, Bir Gleorge Bimpson and Mr. Dallas; Mr. E. M. Hopkins, the 
secretary at Montreal ; the chief factors. Governor Wm. McTavish. Mr. George 
Bamston, Mr. John McKenzie, Mr. J. A. Grahamo, Mr. Wm. Sinclair; th« 
chief traders, Mr. B. B. Ross, Mr. W. L. Hardisty, Mr. R. Campbell, Mr. Jaa. 
Lockhart, and others, together with Mr. R. W. MacFuilane, Mr. L. Clarke, Mr. 
S. Jones. Mr. J. S. Onion, the Rev. W. W. Kirkby, Messrs. Andrew and 
James Flett, Mr. C. P. Gaudet, Mr. John Reid, Mr. Harriot, and others — all 
have lent their aid towards the accomplishment of the work^-cvery possible 
&ciUty was given to Mr. Kennicott, every privilege granted within the rnles of 
the company. At all the posts he was an honored guest, and he and his col- 
lections and outfit were transported from point to point in the company's boats 
and sledses withont charge. 

In addition to collections from the region traversed by Mr. Kennicott in hie 
four years' exploration, some valuable specimens have been received from other 
points of British North America. Conspicuous among tiiese is a series of birds 
and eggs from Rigolette, in Labrador, gathered by Mr. Uenry Conolly, of the 
Hudson's Bay Company's service, and brought to Boeton, without charge, by 
Mr. J. W. Dodge. This collection embraced specimens of the rare Labrador 
falcon, and others of much interest. A collection of birds and other objects 
of natural history, made at Moose Factory, for the Institution, by Mr. John 
McKenzie, has reached London by ship from Hudson's Bay, and may shortly 
be expected in Wasliingtou. 

ExploTalion of Wcttetn Mexico by Mr. Xan/tw.— In my last report I men- 
tioned that Mr. John Xantns, so long and so well knowu in connexion with 
explorations about Fort Riley, Kansas. Fort Tejon. California, and Cape 8t. 
Lucas, was about proceeding to a new field of operations. He left New York 
oa the lltb of December, 18(32, for ManzautUo, Mexico, Che Panama Railroad 
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Company and the Pacific Mail Steamahip Company, with that liberally they 
have BO steadily exhibited in theii transactions with the Institution, having 
given free paseagc over their respective routes to himself and bis outfit. Hr. 
Xantus arrived at Mauzanillo early in Januaiy. 18C3, and making this and 
Colima his principal points of departure, extended his explorations in varions 
directions, especially among the mountain regions. He ie still occupied in his 
labors, the field being very extensive and of varied interest. Many of his col- 
lections have already been received, and found to contain nnmerons ^>eciee 
of birds, reptiles, fishes, shells, &c., new to science, while others throw much 
light on the geographical distribution of the plants and animals of Mexico and 
Central America. 

ExploratioM ix Costa Rica.— Foi some time past mnch attention has been 
directed by naturalists toward the natnral history of Costa Bica, a region wbicb, 
from its peculiar physical conformation, indicated a fauna quite different from 
that of the adjacent states. The birds were particularly sought after owing to 
the many remarkable forma, brought to light by travellers. It was, therefore, 
with no little gratification that a collection of birds, made by Dr. A. Von Frant- 
tins, an eminent naturalist and physician, resident in Costa Bica, aided by the 
Hon. 0. N. Riotte, United Stales minister, and Mr. J. Caraio], was received a 
few months ago at the Institution. A careful examination of these specimens 

CiTcd that the peculiar interest of the fauna had not been overestimated, a 
ge proportion of the species being either new, or but recently described. 
Additiontu collections, shortly expected from Dr. Von Frantzius, will, it is 
hoped, increase still more our knowledge of the species. 

MiteeUaneou* explorations in Mexico. — For several years past a highly valued ' 
meteorological currespondent of the Institution, Dr. Charles Sartorius, of Miro- 
dor, has made contributions of specimens of the natural history of his vicinity. 
During the year several collections were received from him of much interest and 
importance, especially certain species of Mexican deer, recently described, and 
but little known. As Dr. Sartorius, aided by his son, Mr. Florentin Sartorina, 
is now engaged in preparing an account of the animals of eastern Mexico, with 
special reference to their habits, &C., it is a source of gratification to us to have it 
in our power to aid him by identifying the species from bis specimens, which hie 
remoteness from large collections and libraries prevents him from doing for him- 
lelf. Prof. F. Sumichrast, of Orizaba, has also made valuable contributions of 
birds and mammals of Mexico, and proposes to renew thcpe whenever the con- 
dition of the interual affaire of Mexico will allow of the transmission of hia 
collections. Dr. G. Bercndt, of Tabasco, is also occupied in a similar manner 
in the interest of science and of the Institution. 

E^lorations in Guatmiola and tfie west coast of Central America. — Mr. 
Oabert S&lvin, an eminent English ornithologist, who has spent many years in 
the exploration of Guatemala, has transmitted to the Institution a second col- 
lection of the birds of that region. As these contain specimens of most of bb 
new species, and all have been carefully compared, as fur as practicable, with 
the types, his scries of birds is of especid value, as furnishing standards for the 
identification of other collections. 

Additional cotlectious of much interest continue to be sent to the Institution 
by Captain J. M. Dow, of the Panama Railroad Company, so frequently men- 
tioned in my previous reporU. Certain rare birds and fishes collected by him 
are especially noteworthy. 

Trinidad. — A collection of nearly fifty species of birds of Trinidad was pie- 
sentcd by Mr. Galody, United States consul at Antigua, embracing many species 
not formerly in possession of the Institution. 

Jamaica. — Mr. W. T. March, fi«m whom the Institution has already received 
extensive coUections in Jamaicaa zoology, has again made an important cootii- 
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bntioQ of an exteneive series of birds' nests and eggs, the mBterials apon which 
be bued a memoir on the birds of Jamaica, transmitted to the loBtitution, to he 
published by the Philadelphia Academy of Natural Sciences, and printed in its 
proceedings for November, 1663. 

Cuba. — Additional collections were received dnring the year from Mr. Gharlea 
Wright and Professor F. Poey, embracing new and rare species of birds, shells, 
reptUes, and fishes. Some collections, transmitted by Dr. J. Gundlach, bave 
□ot yet reached us. 

Ecuathr. — The Hon, C. R, Buckalew, now United States senator, while 
United States minister, resident at Ecuador, made quite an extensirc collection 
of the birds of that coantry, which he ha« lately presented to the Institution. 
Nearly all of the species thus obtained were new to the cabinet. 

No collections of magnitude, from regions or localities other than American, 
have been received daring the year. It is not the intention or expectation of 
the Institution to make general collections of the natural history of the globe, 
neither its apace nor available fnndu wairanting so broad a field of operations. 
By limiting its labor to America, a hope may be entertained of possessing, in 
time, a complete series of the animals of the continent. 

Exotic collections, as far as they are spontaneously offered, and especially 
such as are necessary to illustrate the characters of American species, are 
always acceptable, and the specimens gathered by the government exploring 
expeditions, of which the Smithsonian Institution is the custodian, w^l always 
be carefully preserved; but any especial efforts towards the increase of the 
moseum may advantageously be confined, as a general policy, to the New 
World. 

The most important additions, it will be readily seen, relate to the class of 
birds. Desirous of extending the observationa upou the birds of North 
America, as published in the ninth volume of the Pacific railroad report, a cir- 
calar was issued by the Institution, which has been distributed by the State 
Department to the consular and diplomatic officers of the United States in the 
foreign portions of America, asking aid in completing the collection of birds ; 
and important additions are expected from the request thua extended. The 
materials received will be used, in connexion with those already in poaaeasion 
of the Institution, in the preparation of catalogues and monographs relative to 
American ornithology. 

Among the specimens received by the Institution during the year shonld 
especially be mentioned the great Ainsa or Tucson meteorite. 

This meteorite was first discovered by the Jeauit missionaries in Souora, by 
whom it was considered a great curiosity, exciting much speculation as to iU 
origin. In L735 the " Gran Ci^itau de las Provincias del Occidente, Don Juan 
Baptiata Anza, w^s induced to visit the nrolite," and found it at a place called 
"£oi MmAaektM," m the Sierra Hadre, and, struck with ita appeaiance, under- 
took to transport it to San Blaa, then the nearest port of entry, with the view 
of carrying it to Spain, With this object it was brought as far as the Presidio, 
Dear Tucson, in Arizona, and left there on account of the difficulty of carrying 
it any further. After the withdrawal of the Spanish garrison it was taken into 
the town of Tucson, set up vertically, and used as a kind of public anvil, of 
which it bears marks at the present time. In this condition it was aeen and 
reported upon by various travellers ; among others it was viaited by John B. 
Bartlett, July 18, 1652, at the time Oommisaioner of the United Sutes and 
Mexican Boundary Survey. Ur. Bartlett gives a short account of it, (Personal 
Narrative, volume II, p. 297,) accompanied by a figure, (the lower one on the 
plate,) where it is represented as resting upon two legs, owing to the lower 
part of the ring, of which it consists, being buried in the ground. Hia estimate 
of six hundred pounds as its weight falls far within the actual amoont. 
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In 1857, Dr. B. J. D. Irwin, United States army, then etationed at Fort 
Buchanan, Boath of Tncson, found this meteorite lying in one of the by Btreets 
of the village half buried in the earth. As no one claimed it, he publicly 
announced his intention to take possession of it and forward it to the Smith- 
sonian Institution, whenever an opportunity ofiered. Some time a^er, assisted 
by Mr. Palatine Robinson, of Tucson, (near to whoso house the meteorite lay,) 
be succeeded in baring it sent, by the agency of Mr. Augustine Ainza, to 
Hermosillo, where it remained for some time at* the hacienda of Don Manuel 
Ynigo, father-in-law of Mr. AiDsai 

In May, 1863, Mr. Jesus Ainza, brother of Mr. Angnstine Ainza, and grand- 
son of Doiia Ana Ainza de Iglaa, the daughter of Don Juan Bautieta Ainza, 
visitud Sonora, and on bis retnm brought the meteorite with him to San Fran- 
cisco, where it was delivered by his brother, M. Santiago Ainza, to the agent 
of the Smithsonian Institution, Mr. A. B. Forbes, of the Pacific Mail Steamship 
Company, and forwarded by him, via the Isthmus, to Washington, where it 
anivcd iu November, and is now on exhibition, and the great object of atlractioo 
to visitors in the Smithsonian hall. It is proper to state that, although Dr. 
Irwin was authorized to expend whatever was necessary to secure the trans- 
mission of the meteorito to San Francisco, beyond some small eipt^oses paid 
by him for placing it upon the truck in Tucson, no charge was made by the 
Ainza fomiiy for the cost of transportation to Guaymas and delivery to the 
Pacific ftlail Steamship Company, performed partly with their own wagons 
and portly by other means of conveyance. It was brought free of cbaige from 
Qusymas to San Francisco by the Flint and Holiday line of steamers. While 
on the route to New York the Paci6c Mail Steamship Company and the 
Panama Railroad Company, with that liberality which has ever characterized 
their intercourse with the Smithsonian Institution, transp(Mted it without 
expense to Aspinwoll, and thence to New York. 

The meteorite is in the shape of an immense signet ring, mnch heavier on 
one side, where it is nearly flat on its outer enrtace. and presents the face need 
as an anvil. The greatest exterior diameter is 49 inches ; width of thickest 
part of the ring 9 inches, the least 3S inches ; the greatest width of the central 
opening, 23 inches ; wld^ of thickest part of the ring, 17 J inches. The weight 
is now 1,400 pounds, but some portions have been removed from time to time, 
probably redaciug it considerably. Its composition is principally of iron, with 
■mall specks of a whitish silicioua mineral diffused through it. 

A careful chemical and physical examination of the meteorite will be made 
by Professor O. J. Brush, of New Haven, to whom the Smithsonian Institution 
has committed the subject for a detailed report. 

As the tcrolite was first brought from the mountains north of Tucson by the 
neat' grandfather of the gentleman to whose exertions in transporting it to 
Washington the Inetitntion owes so much, it is proposed to call it the " Ainaa 
meteorite." To Dr. Irwin, of the United States medical department, the Ineti- 
tntion is also under great obligations for his agency in securing this specimen. 

Dr. Irwin states that the inhabitants of Tucson have a tradition that a shower 
of these meteorites took place in the Santa Catarina mountains about two hun- 
dred yeaa ago, and that there are many other masses of a similar character 
yet remaining in those mountains. 

This meteorite is among the largest known, and in this country is only 
exceeded a little in weight by ihe Qibbs meteorite in the cabinet of Yale Col- 
lie, New Haven, while it surnasscs the latter in size, being disposed in the 
form of a ring instead of a solid mass. 

The Smithsonian Institution also possesses the third largest meteorite in the 
country iu the "Couch meteorite." weighing 252 pounds, aad brought from 
Northeastern Mexico by Major General D. N. Oonch, and by htm presented 
tothe Inetitntion. C 00»jlc 
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IDBNTIPtCATtON OP SPECIMENS. 

Coutinned progress has been made during the year in the determination and 
arrangement of the epeciea in the Smithsonian collections, and the cabinet is 
gradually becoming more and more useful for reference and study. Any appa- 
rfnt shortcoming in this respect will be escused in view of the fact that the 
work done ia mainly a voluntary contribution on the part of gentlemen engaged 
in making special examinations of the Smithsonian collections, and the Insti- 
tntion is under many oblfgatioas for their aseietance. 

DISTRIBUTION OF SPECIMENS. 

In accordance with the plan of the Institntion, as fast as the identification 
of the species is Baliafacforijy accomplished, the duplicate specimens are set 
aiide for distribution to such museums at home and abroad as appear to be 
suitable recipients. The total number of objects thus dietribntea to the end 
of the year 1863, all properly determinod and labelled, amounts to 26,651 
species, and 50,601 specimens, as shown by the following schedule : 

StatemeiU of ipecimetu ^natural hittory dUtrilntted by ike SmttAtontan Luti- 
tutioM tip to December 31, 1863. 
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In the index to the three volumes of transmissions of specimens for ezamioa- 
tion , or donation, the names of two hundred and fifty-nine institutions and indi- 
viduala are entered np to August, ib63. 

N. B. — The preceding enumeration of specimens distributed does not include 
the specimens (duplicateii) retained by collaboralors in behalf of certain author- 
ized collections — as of insecla, by MeaarB. Leconte, Uhler, Morris, Ostensacken, 
SausBurc, Kdwards, Hagen, Locw, Scudder, Sec. ; of vertebrate fossils, by Leidy, 
for the Philadelphia Academy; of fishes, by Profesaor Agassiz; ebells, by 
Messrs. Carpenter, Dinney, Tryon, &c. ; mammals, by Messrs. Lecont«, Allen^ 
&c. ; birds, oy Mr. Cassin ; reptiles, by Mr. Cope ; planU, by Messrs. Torrey, 
Gray, Engelmaii, and Katon. These will probal)ly amount to at least 10,000 
species, and 30,000 specimens additional. 

The cataloguing of specimens in the record-books of the Institution baa been 
continued during the year, and, oa will be seen by the accompanying table, now 
amounts to 86,547 entries, being an increase, since 1863, of nver 12,000^ i 
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Taik ihomng tie total nvmbar of e*trUt on the record-book* of the Smtthumian 
eoUeakm at the eitd »/ the ytan 1861, 1863, and 18G3. 



SkeletoDi and sknlli. .._ 

Htunm&lB ^_.. .__..... 

Birds 

Bepdlefl 

Fi«W , 

f^gs of birds 

Cnutaceani 

UoIIiuka 

Badialea 

Fcoaili 

Etbnologlcal spedmeos.. 
Ajmelida •-.....,-_-,. 



4,925 
6,000 
1,287 
10,000 
2,675 
2,100 
3,785 
t£!5 
103 



10,450 
2,785 
3,550 



Totol 66,075 74,764 



LIST OF DONATIOHS TO THE HUSEUH OF THE SHITHSONIAfi raSTITUTIOII 

IN lees. 

Alkini, L. S. — Bgga of birds and ebelle from Ohio. 

Ai**a, J. — See Irwin. 

Akhurtl, J.— Birds from St. Thoroafl, West lodies. 

Boer, O. P. — Unionids from Indiana. 

Baird, S. J*.— Iron ore from Uaaover elation ; Beriea of ekina aod eggs of birds, 
mammals, fishes, and invertebrates, from Wood's Hole and Oohasset, Massa- 
chusetts. 

Baird, Mr*. S. F. — heueitcu*, from Potomac river. 

BeadU, Rev. E. R. — Bergen Hill minerals. 

Bea«, W. — Collection of annelids and cirripeds of Great Britain. 

Behren*, Dr. — Insects from California. 

Berlin Museum. — 54 skins of birds of Central and South America. 

Bethtau, Ree. C 8. — Skin of Scalopt bretceri, Canada. 

Blackmail, Mr. — Skins and egge of birds, IDinoia. 

Blake, W. P. — Keg of fishes from Hakod&di, Japan. 

Bland, Tltomas. — Spiraxit, from West Indies. 

Boardman, George A. — Embryo Canada grouse in alcohol ; skins and e{^ of 
birds. 

Boufe, Thomas T. — Large crystals of beryl. 

Bran, W. — Birds, mam mala, ficc.. Fort Halkett. 

BrcDoorl, J. C. — Prefih specimen of Zoaree* anguillarii. 

Brttekart, H. G. — Insects from Lancaster county, PennsylTania. 

Buc/calew, Hon. C R. — Collection of birds of Ecuador. 

Burling, W. — Skin of Hahatut pelagicut from the Amoor river. {Throogh 
Samuel Hubbard.) 

Camiol, J. — Skins of Costa Rican birds. 

Carpenter, P. P. — B'osaila from vicinity of Moacow. 

Carpenter, Robbie S. — Skin of starling, Sinrntu vulgarit, Warrington, England. 

Clark, Lawrence.-~A general zoological collection from Fort Rae, Great Slave 
lake. 

Ccieman, Lyman. — Seeds of Damascus thorn ; petrified wood from Cairo. 

Coleman, W. T. — Birds and eggs from Canada. 

Comatock, A. — Cuttings of Cabromla napes. ^-^ ■ 
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Comolly. H. — Skias and eggB of birds from Labrador. 

Cooper. Dr. J. G.— Shells of California. 

Coues, Dr. E. — Scries of nkins of birds of District of Colombia. 

Owfe*. P. ir.— Insects from Vicksburg. 

Croner, Dr. E. S. — V'orticella. &c., New Albany, Indiana. 

De Saiuture, Dr. H. — Skins of Mesicau birds, and lacustrian antiqnidee of 

Switzerland. 
DUhitsch, Profeuor H. — Eana pipieDB. 

Dodd. P. W. — Skutle of aaimais and eggs of birds from Sable island. 
Dow, Captain J. JI/.-~-Skins of mammals, and birds, fishes, &c., from vest 

Goaet of Central America. 
Drew, Dr. F. P. — UoUcctioQ of reptiles and e^gi of birds from Kansas. 
Drewtm, Chartet. — Series of Greenland shells. 
Ihexler, C. — Series of skins of birds of the District of Columbia. 
EgietUm, Tkoma». — Series of European fossils. 
EUiot, D. G. — Skins of European gulls ; skins of humming birds. 
Elliot, H. W. — Large collection of Umonids ; shells, Sec, in alcohol, Ohio. 
Engelmann, Dr. — Fossils from Illinois. 
Fair/iani:s, Prajiitor. — Box of e^s. 
Fay, Joseph S. — Chloraatrolite from Lake Superior, 
FUU, Andrew. — Skins and eggs of birds ; Fort Normsnn. 
FUll, Jamet. — Eggs of birds, &c from La Pierre'a house. 
Foreman, Dr. £.-~-Five boxes of minerals from Marjland. 
Freiberg, Mining Academy/ of. — ^Box of mineralogical and geological epeei- 

mens from Cermanj. 
Frick, Dr. — Shells of California and Japan. 
Galady, M. — Skins of birds of Trinidad. 

Gavdct, C. P. — Skius and eggs of birds, &c., fiwm Peel's river. 
Oibbs, George. — Indian curiosities. 

Gilli**, U. S. A'., Captain. — Six boxes of microscopic soundings. 
Gilpin, Dr. J. B. — Series of shrowa and mice of Nova Scotia. 
Goidrmilh, Dr. M. — Cricket from the Mammoth Cave, Kentucky. 
Gouid, Dr. A. A. — Forty species of Melaniada. 

Grahame, T. A. — Skins of mammals, &c., Norway House. ' 

Giebel, Dr. C. — Three boxes of insects of Europe, (365 species.) 
Gntin-, Ferd. — Skius and eggs of birds from California. 
GundlacA, Dr. J. — Specimens of Gvndlackia, Cuba. 
G»nn, Donald.-~^\i.ai.a and eggs of birds from Bed River settlement and Lake 

Wiuipeg, 
Haide/nan, Professor S. S. — Types of the species of Melaniada dcBcribed by 

bim. 
Ha/l, W. F. — Birds and e^s from Massachusetts. 
Hamilton, R. — Collection of skins and eggs of birds from Great Whole rirer, 

(through Mr. Cic-Drge Bometon.) 
Harditty, IV. L. — Birds, mammals, &c., from Fort Liard. 
Harris, IV. O. — Minerals from Cbester connty. 
Harriot, Mr. — Skins of birds from Fort Anderson. 
Hays. Dr. If". W. — Fishes, &c., from Sacramento river. 
Hayden, Dr. F. V. — Alcoholic specimens, Beaufort, South Carolina. 
Haymond, Dr. R. — C'jprit from Indiana, 

Heplmm, James. — Skins and eggs of birds from the Pacific coast- 
Htbhard, Frtmcis. — Lead ore tiom New Bruuswick. 
Hibbard, James. — Antimony ores. New Brunswick. 
Hits, R. B. if George. — 1,200 eggs, of twelve species of birds, from Nortbamp- 

toa county, Virginia, with shells, &c, (See also Stimpson.) Fossils from 

AquU creek. ,, ,^ GoO^lc 
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Hoge, Mr. — Skin of boa from the Serapiqiii river. 

Hope, John. — ^gga of birde, fiehee, &c.. Great Bear lake. 

Holuling, C. F. — Rock salt from Louisiana. 

HoxU, W. — Ineecta from MoBBachusetts. 

Ho>i, Dr. P. R. — Ne8t§ and eggs from Bacine. 

SvtU, Gt-neral L. C. — Indian knife, Klamath lake. 

Irwin. Dr. W. W., and J. Aitua. — Meteorite from Tucson, weighing 1,400 ponnde. 

Jeffreyi, Mr. — Box of minerals of Chester county, Pennsylvania. 

Jonet, Straehan. — Eggs of birds, &c., from the Yukon. 

Julian, A. A. — Series of fishes, &c.. Sombrero island. 

Keep, Rev. Marcut R. — Moose horns from Maine. 

Kennedy, Dr. H. W. — Collection of reptiles of Uruguay. 

Kennicotl, R. — Insects, eggs, &cc., from Illinois. 

Kennicott, R., and other*. — Fifteen boxes, three bales, one keg, and one obest 

of Arctic collections. Mr. Kennicott's collections principally from the mouth 

of the Forcnpinc rivcrj Peel's river, Fort Good Hope, La Pierre's house, Fort 

Besolntion, &c. 
Kirtland, Dr. J. P. — Two boxes of western Unimtida. 
Krefft, Dr. G., (through W. Cooper.)— Collection of Anstraliatf reptiles. 
Krider, John. — Mounted hawks. 
hapham, I. A. — I7nEOfft(2(Z of Wisconsin. 

hawrerice, George ^.— Skins of birda Irom Central America and Panama. 
Lea, Uaac. — Box of Unionidce, and one hondrcd species of Melaniada. 
Lewi*, Jamet, Dr. — Large collection of land and fluviatile shells from the in- 
terior of New York. 
Lackhart, Jame*. — Large scries of zoological specimens, princimlly birds' eggs, 

from the Yukon ; skins of birds, mammals, eggs, &c., from Fort Resolution. 
Lykint, W. H. fi.— Fossils from Kansas. 
MacFarlane, R. W. — A general zoological and ethnological collection from 

vicinity of the Anderson river. Arctic America. 
McGuire, J. C— Two boxes of Unionrda. 
McKenzie, Hector. — Birds' eggs from Red river. 
McKenzie, J. — Birds, &c., from Fort EoBolution. 
McKcnsie, Roderick. — Birds' eggs IVom Lake Manitobab. 
McMurray, W. — Birds' eggs from Winipeg river. 
MacTavi*k, Gov. William. — Skins and eggs of birds, &c., from the Bed River 

country. 
Maim, William. — Skins of Pinicola ea*adcn*i*. Lake Superior, 
March, W. Thomat. — ^Three boxes of skins, nests and eggs of Jamaican 

birds. 
Meek, F. B. — Series of fossils from New Jersey and Maryland. 
Moore, Carleton R. — Double tail of Limultt*. 
Mirheiur, Dr. E. — 156 crania of birds, and 54 of mammals ; two boxes of 

minerals. 
Onttm, J. S. — Plants, eggs, &c., from Fort Good Hope. 
Palmer, Dr. E. — Fossils, minerals, &c., Pike's Peak. 
Parker, Ret: H. W. — Marine shells. United States, and two boxes of minerals 

from New Bedford. 
Parkituon, D. T. — Skins and eggs of birds, Indian skulls, plants, kc. Fort 

Crook, California 
Philadelphia Academy of Natural fkieTice* — Seventy species of Melaniadtt. 
Piper. Col., (10th regiment New York volunteer artillery.) — Rock specimens 

and fossil wood from Fort Meigs, near Washington. 
Poey, Pro/. /'.—Collection of batrt and Keurirptera ; fisljes from Cuba. 
Poole, Henry. — "Cone in cone" in slate. From a shaft sunk in the Harbor 

Vein coal seam. Little Gloc^ Bay, Cape Breton. C (mioIp 
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PraUisa, D. W. — Seri«e of skina of hvtia of the District of Colombia. 

QMckenhmh, "Letlie R. — FoeeiU of die Utica alate. 

Seed, John.—Skiua and ecga of birds &om Big leland. Great Slave Lake. Om 

collection through L. Clarke, jr. 
Retd. Peter. — Sorex platt/rhinus, Waahington county, New York. 
Richards. Thot. — Skina of birda, &c., from Temiaeamingue. 
RiotM Hon. v. — Reptiles and insects in alcohoL ekina of birds, shells, &c, 

Costa Rtca. 
Ritchie, J. P. — Skin and egg of Buteo pemuylvanictu from Massachusetts. 
Rodgert, Commodore John. — Ethnological collections of the North Pacific Ex- 

ploring Expciition. 
Roi», B. R. — A general zoological collection from Fort Simpson and vidnity. 
Rmuteau, E. — Box of sheila from New York. 
Saeman*, L. — Boj of European minerals, 

SalisbicTy, Dr. S. H. — Scawpi in alcohol from Fairfield county. Ohio. 
Salle. A.- — Skins of Mexican birds. 

Salcin, O. — Collection of birds of Guatemala, (150 species.) 
SaTtoriut, Dr. C. — Collection of birds, mammals, alcoholic epedroens, tee., 

Uexlco. 
Schmidt, Dr. — Birds from the vicinity of Washington, collected by the lat« 

Chas. F. Schmidt. 
Sclater, Dr. P. L. — Skins of Mexican birds. 
Simpton, George B. — Copper epear-head, and other relics. 
Sitka, Governor of. — Box of Crustacea. (Throagh Mr. Jaa. Hepburn.) 
Springer, P. M. — Skius and sterna of birds, IQinois. 
Stimpion, Dr. W. — Three boxes of marine invertebrates of 6reat Britain ; two 

of American. 
Stimpson, Dr. W. arid R. B. ifi>2.— Three boxes shells, eggs, &c., Northamp- 
ton county, Virginia. 
SumicArait. Prof. F. — Mammals and birds of Mexico. 
Surgeon General. — Tertiary fossils, Suffolk, Virginia, 
Swan, J. G. — Indian cnriosities, skina of birds, eggs, shells, fishes, &a., from 

Pnget Sound. 
Thornton, J. H — Box of New England shells. 
TUtnon, J. W. — Skina and eggs of birds of Illinois. 

Trumbull, George. — Wavcllite from Chester county. 

Try&n, G. W. — One hundred and twenty -five species of Metaniada, 

Ulke, ff.— Skins of birda from lUinois. 

Van Cortlandt, Dr. E. — itlammala in alcohol, skins of Lepidosteut, &C., &om 

Ottawa. 
Praitt:iu4, Dr. — Collection of birds and mammals from Costa Rica. 

Yelie. Dr. J. IV. — Eggs of Protonotaria ritrea, &c , from Illinois. 

Tienna Geolagisches Reich*- Amtall. — Collection of Austrian fossils. 

Walker, R. O. — Fishes, shells, skulls, &c, Allegheny county, PcnnsylvaDia. 

White, Dr. — Mariiif shells and sknlls of mammula. Isthmus, Panama. 

Willit, J. ft. — Shells, eggs, and fishes of Nova Scotia. 

WVliam* Co^ge Lt/caim,— E^g3 of Greenland birds. 

Wilson, N. — Seeds of plants from .Tamaica. (Through Thos. Bland.) 

Wingaie, J. D. — Box of shells, Beltefonte, Pennsylvania. 

Woodtoorth, Dr. J. Jtf.— Reptiiea and inaects from Memphis. 

Woulon, W. G. — Skins and eggs of birda of Nova Scotia. 

Wright, Ouu. — Birds, Hhella, and insects of Cuba. 

Wynne, Dr. Jaa. — Specimen of sphinx or hawk moth from Gentr^ America. 

Xantut, John. — Fourteen boxes of mammals, biids) and Other animals, pbutts 
4[c, iroja. Manzanillo, Golima, &c. 
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LIST OP WORKS PUBLISHED IN 1863. 

(155.) Ancient Minine on the Shores of Lake Saperior. By Charles Whit- 
tleeey. 4to., pp. 3S, and one map. (Published April, 1863.) 

{146.) Meteorological Observations in the Arctic Seas. By Sir Leopold 
AfcClintock, R. N. Made on board the Arctic searching yacht " Fox," in 
Baffin's Bay and Prince Regent's Inlet in 1857, 1B58, and 1859. Reduced and 
discussed at the expense of the Smithsonian Institution by Charles A. Schott, 
Assistant United States Coast Survey. 4lo., pp. 160, and one map. 

A small edition of this work vas published iq May, 1862, but the final iseoe, 
irith corrections and additions, took place in 1863. 

(166.) Records and Results of a Magnetic Survey of Pennsylvania and parts 
of adjacent l^tates in 1840 and 1841, with some additional Records and ReaaJts 
of 1834, 1835, 1843, and 1862, and a map. By A. D. Bache, LL.D., F. R. S.. 
Member of Corresponding Academy of Sciences, Paris ; President of National 
Academy of Sciences ; Superintendent United States Coast Survey. 4to., pp. 
88, and one map. (Published October, 1863.) 

(1G9.) Researches upon the Anatomy and Physiology of Respiration in the 
Ohelonia. By S. Weir Mitchell, M.£)., and Geoi^ R. Morehouse, U.D. 4to., 
pp. 50. (Published April, 1863.) 

(156.) Catal<^ae of Minerals, with their Formulae, &c. Prepared for the 
Smithsonian Institution by T. Egleston. 6vo., pp. 42. 

(140.) List of the Colcoptcra of North America. Prepared for the Snuthso- 
nian Institution by John L. Leconte, M. D. Part J. 8vo., pp. 60. (Published 
Uarch, 1863.) 

(167.) New Species of North American Coleoptera. Prepared for the Smith- 
sonian Inetitntion by John L. Leconte, U. D. Part I. 8vo., pp. 94. (Pnb- 
lished March, 1863.) 

(142.) Bibliography of North American Conchology previoas to the year 
1860. Prepared for the Smithsonian Institution by W. G. Binney. Part I. 
American authors. 8vo., pp. 658. (Published March, 1863.) 

(171.) Monograph of the Dip tera of North America. Prepared for the Smith- 
sonian Institution by H. Loew. Part II. Edited by R. Ostensacken. 8to., 
pp. 340. (Published January, 1864.) 

(160.) Instructions relative to the Ethnology and Philology of America. 
Prepared for the Smithsonian Institution by George Gibbs. Svo., pp. 36. 
(Published March, 1863.) 

(161.) A Dictionary of the Chinook Jargon or Trade Language of Oregon. 
Prepared for the Smithsonian Institution by George Gibbs. 8vo., pp. 60. 
(PnUished March, 1863.) 

Systematic index to the list of foreign correspondents of the Smithsoniao 
Institntion, corrected to January, 1862. 8vo., pp. 16. 

Appendix to the list of foreign correspondents of the SmlthsonioD Institntioii, 
corrected to January, 1863. 8vo., pp. 7. 

(170.) Comparative Vocabulary. Reprinted from the Smithsonian Instrnc- 
tions relative to ethnology and philology. 4to., pp. 20. (Published May, 1863.) 



(174.) Bibliography of North American Oonchology. By W. G. Binney. 
Part II. 8vo., 239 pages stereotyped. 

(143.^ Synopsis of Air Breathing Shells. By W. G. Binney. 8to. 

1144.1 Synopsis of North American Vivipara, &c. By W. G. Binney. 8to. 

(145.) Monograph of American Corbiatiada. ByTemple Prime. 8vo., (48 

Tl77.) Ghcck-liat of North American Fossils ; cretaceonsfoimaiia%,|By F 



B.HeeE. 6to. 
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(173.) Palaeontology of the Upper MiBeonii. By F. B. Ueek nod F. Y. 
Hayden. 4to. 

(165.^ MonograpfaofNortb American Bate. By HarriBon Allen, M.D. Sto. 

(173.) On the l^icroecopic Stnictare of the Medulla Oblongata and the Tra- 
peziom. By Dr. John Dean. 4to. 

( 1 75.) DiBcussion of tte Magnetic and Meteorological Obaerrations of Girard 
College. By Prof. A. D. Bache. Part VH, VIII, IX. 4to. 

(179.) List of publications of learned societies, periodicals, and encyclopedic 
works in the libiury of tlie Smithsonian Inetitntion, July 1, 1863. 

(178.) MoDOgraph of North American Hymenoptera. By H. De Sansauie. 
Put I. Edited by Edvard Norton. 8to. 
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Lift of meteorological ttatiotu and obiervert, 4^.— Coodnaed. 
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List of meteorological ftatioiu and ohtercert, tfc. — Continaed. 
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Lilt of mtteorological *talioiu and ohservert, tfc. — Continoed. 
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JJitt of meUorologkai tuuiont and o6tert:er$, ^c. — Continued. 
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DBATHS OF OB8EBVBB6. 



T. F. PoUard, BrookGeld, New HampBbiTe, Angnsl 19, 1863. 
Hod. Bobert HaUoweU Oudiner, Gardiaer, Maiae, March 32, 18M. 
David Bocklaud, Bmndon, Tennont, July 19, 1864. 



Cdleges and other in»tilutioM*from whuA vuteorohgical regUUri teere received 
during the ytar 1863, iticlwied mi the preceding litt. 



Nora Bcotla. 

CoDitectieiit . 
niiDDia 

Hu7luid ... 
HaMoehiuatl 

UetuMD . .. 

Now JMBBJ. 

NairTc^... 



Acadia College 

King's College 

Grammar Bcfiool 

Magnetic ObMTTstor7 

Wealejan UniTeniitj 

Lombard Uniyeniity 

UniTerBity oT Chic^o 

ConieU College 

Qiiawold ColWe 

Iowa Slate tlniTewlty..- 

Oak Grove Seminarj 

WostuDgtoD College 

Amherst Collece . . 

State LasaticHaapital 

Williama College 

State Animlti^ College, 

Freehold lustilate 

IiuUlatioD for Deaf and Ouiab. 

Einsmni Hall Academy 

UniTeTBity of Bocheater 



WolMlto. 

Windsor. 

Toronto. 

Uiddletown. 

Galesburg. 

Chict^. 

Honot Temon. 

Davenport. 

Iowa City, 

Vassal boro'. 

Chestertown. 

Amherst. 

Worcester. 

Willittinstown- 

LaEBing. 

I<'TwboRL 

Now York. 

Flatbosh. 
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CotUga, ifc., from viKvih iMUor^gical TtgitUrt were rtceiced, i(c. — Continned- 



Ohio Farmera' College 

Halcyon Academj 

I Otterbein University 

, UrboDB UiiiTeiBitf 

1 Western Beseire CoUeM. 

: Woodword High School-. 

Oi^OD ■Willamette University — 

PcmuylToiuft CoDtiat Hiirh School 

I Huverford Coilwe 

I Jeffi'iaon Colle^ 

Bhode Island Brown University 

TemiMsoe ' Stevcart College 

Tennont ' Universitj of Tennont ... 

WiacoDsiii Beloit CollMre 

j WiscoDsin Uoiversity — 



CoU^oHUL 

Westerrille. 

Hudson. 
CiDciimati. 



CannoDsbntg. 

Providence. 

Clarkavillc 

BurliDgton. 

Beloit. 

Madison. 



METBOBOLOGICAL MATERIAL CONTRIBUTBD IN ADDITION TO THB BBOULAR 



. Abbott, Francis. — Abstract of obaerratioDs made at eight stations in Tan- 
mania, or Vat Diemaa'd Land, during the six months ending June, 1862, for 
the papers and proceedings of the Royal Society. 

CatwcU, Prof. A., D. D. — Summary for tho year 1863, and comparison with 
the previous tLiity-two years, at Providence, Bhode Island. Printed in the 
Providence Daijy Journal. 

Dabney, Wiiham H. — '^cmperatnre of the volley of Orotava, Island of Tene- 
riffe, compared with that of London, Paris, Pan, 14ice, Home, and Madeira. 
Extracted from the pamphlet of the Baron of Uclcastel. 

Dreutza; O. E., (consul, Bergen, Norway.)— Summary of meteorological 
obaervatfoD3 for eocli month iu tho yc^r 18G3, kept at the hospital in Bergen, 
The readings of the barometer rcdaced to inches, and the thermometer to Fah- 
renheit scale, hy Mr. Di'cutzcr. 

Gardiner, R. H. — Printed summary of observations during the year 1863, 
at Gardiner, Maine,, and monthly mcau temperature and amount of rain for a 
period of twenty-seven years, Irom lSil7 to 1863, inclusive. 

Goddard, C. W. — Daily observations at CoostantiDople, from October, 1862, 
to September, 1363, inclusive. Also a summary for the year 1863. 

Gregory, S. O. — Diagram ehowiDg the changes of the wind every day in the 
year 1863, ^t Theresa, New York. 

Graham, Colonel Jamet D. — Register of water-level and meteorological ob- 
servations, made at the following places, under the direction of Captain George G. 
Heade, topographical engineers, until August, 1863, and subsequently under the 
direction of Colonel Jamca D. Graham, corps of engineers, superintendent of 
the survey : 

Sackett's Harbor. New York.— July, 1861, to December, 1863. 

Charlotte, New York. — July,18Cl, to December, 1863. 

Fort Niagara, Now York.— July, 1861, to December, 1863. 

BrSalo, New York.—June, 1860, to December, 1863. 

Cleveland. Ohio.— Jane, 1860, tO'December, 1863. 

Monroe, Michigan. — Jtily, 1861, to December, 1863. 

Detroit, Michigan. — January, 1860, to December, 1663. 

TawoB City, Michigan. — July, 1861, to December, 1863. 

Thunder Bay Islaod, Michigan.— July, 1861. to November, 1863. 

Sugar Island, Michigan. — November, 1863, to December, 1863. 

Grand Haven, Michigan. — July, 1861, to July, 1863. ' 

Ontonagon, Michigan. — July, 1861, to Decemoer, 1863. 

Superior, Wisconsin.— June, 1861, to December, 186i3Mi,e .„CiOOylc 
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Iva, WtUioM. — Snin&uty of obKrvadona at Bu&Io, New York, dnring the 
year 1863, oewepaper slip. 

Kirkpatrtek, pTofi»*oT Same* A. — A general abetraetof the meteorolo^calob- 
Mrvations made at Philadelphia during the year 1863, and ■ comparison with 
thoM of the last twelve years. Priated eheets from the Jonrnal of the Franklin 
iDfldtate. 

JjcJu WtmnipitMOgee Cotbm and WooBex MtantfaetMrimg Company, New 
Bati^thire. — Ajnoont of rain for each month in 1863, at the outlet of Lake 
WmniptEseogee, in the town of Laconia, New Hampshire, and also at Lake 
Village, about fonr miles Bonth on the same stream of water. 

Lapham, I. A., LL.D. — Table showing the direction and force of the wind for 
each lioQr daring the month of September. 1S63, at Hilwaokee, Wisconein, 
taken from the antographic record made by Bamell's anemograph. Prepared 
£» the Commiseioner of Agricnjtnre by I. A. Lapham, LLJ>. 

Summary of observaticns at Milwaukee, Wiecousio, with a fall set of instm- 
menta, during tho year 1863. (Printed slip from the Milwaukee Sentinel.) 

Leurii. Jama, M. D. — Hourly record of the temperature at Mohawk, New 
York, during the year 18C3, from the register nude by his metallic self-recording 
thennometer ; also, monthly and half-monthly means, and hourly mean for the 
whole year 18G3. 

Lippmcott, Jamet S. — Meteorological observations made by Benjamin Shep- 
herd near Greenwich, Camberland, New Jersey, from March, 1856, to June, 
1861. Tabniatcd and reduced by James S. Lippincott, Haddonfield, Camden 
county. New Jersey, for the Smithsonian Institution. 

Logan, Thomat M., M. D. — Msntlily sammaries of the meteorology sad 
necrology of Sacramento, California, reported for the Sacramento Daily Union 
by Thomas M. Logan, M. D., secretory of the Board of Health. 

Contribution to the Physics, Hygiene, and Tbermology of the Sacramento 
Biver, by Thomas M. Logan, M. D. From the Pacific Medical and Surgical 
Journal. 8 pp. 8vo. 

Magnttical Obtervaiory, Toronto, Canada Weal, (Professor G. T. Kingston, 
H. A., director.) — Mean meteorological results for the year 1862 ; also, a com- 
parison of the same with a scries of preceding years. 

Mayhtw, Royal. — Mean temperature at Indianapolis, Indiana, for the hours 
of Bunrise, 7 a. m., 12 m., and 2, 6, and 9 p. m., during each month in the years 
1861, 1862, and 1863; also, the amount of rain in each month during the same 
period. 

MorriM, Prof. OroM W. — Summary of observations for 1863, giving maxi- 
mum, minimum, mean, and range of all the instraments for each mentb, as kept 
St the Institution for the Deaf and Dumb, New York. 

Murdoch, O. — Appendix to Agricultural Report, being bints on meteoroloCT, 
with summaries of oDscrvatioriB made at Saint John, New Brunswick, in the 
years 1851 to 1862, inclusive, by G. Murdock, superintendent of water-works 
iat St. John. 8vo. 34 pages. 

Naion, Rev. Eliot. — Record of events in Exeter, Now Hampshire, during 
the year 1863, containing notices of the weather. No. 3, by the Bev. Elias 
Naaon. 12mo. 24 pages. 

Ohio State Board ^ Agric^ture. — Fifteenth Annual Report of the board 
to tho general assembly of Ohio for the year I860. Contains articles on the 
influence of forests upon soil, climate, rain, and winds. P. 255 to 274. 

Report for 1861. "The atmospheric conditions, showing the value of ba- 
Tometera for agricultural purposes," by C. A. Richard, of Cmnmbus, Ohio. P. 
234 to 275. 

Ouervatorio <U Collegio Romano. — Bulletino Ueteorolo^co del' Osservatorio 
del CoUegio Romano con cornspondenza e hibliografia per I' avanzamento della 
fisica terrcstre. Published at Rome twice a mouth, beginning March, 1862. 

_, „Googlc 
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Paine, B. M., M. D — Summary of observations at Clinton, New York, for 
1862 and 1863, with a full set of instruments, giving the monthly and annnal 
means, maxima, and minina. 

Pattritm, Rev. A. B — Meteorolopcal notes for December, 1863, at St. 
Panl, HiuneBota, with a comparison with the previous four yeara. (Newspaper.) 

RuMe, C. N. — Printed summary of observations made at seven stations in 
Gosta Bica in the year 1863. 

Sarloriut, Ckarle*. — Summary for the year 1863, with fnll set of inatru- 
mente, at Mtrador, Uexico. 

Secehi, P. Angela. — Alcuoe richcrctie meteorogiche snlle tempeste occorse ncl 
1859~'60 memoria del P. Angelo Secchi. Estratta dagli Atti della accadcmi 
de' Nuovi Lincei Sesaione III, dell' Anno XIII, del 6 febbraro 1860, Rome, 
1860. 28 pp. quarto. 

State Department. — Statistical report on the weather and health of Frankfort- 
on-the-Main during the year 1863, by William W. Mnrphy, consul. 

VattgluM, Captain D. — Meteorological Journal and Report relative to the cur- 
rents, climate, and navigation of that portion of tho lower St. Lawrence forming 
the Strait of BeUe-Iele. Second edition. Compiled by Captain D. Vaughan, 
Quebec. 8vo. 62 pp. 

Whitehead, W. A. — Summiry of observations during the year 1S63 at 
Newark, New Jersey. Printed slip from Newark Daily Advertiser. Also, an 
article on the " Climate of Newark," being an examination and comparison of 
the observations made there during the last twenty years. 

Witlizenui, A., M. D. — Monthly and yearly mean of positive atmospheric 
electricity, of temperature, and of relative humidity, iu 18G1, 1862, and 1863, 
M St. Louis, Hiflflouri, based upon daily observations at 6, 9, IS, 3, 6, and 
9 o'clock. Published in the St. Louis Medical and Surgical Jouma].- Vol. I, 
No. 1. 



ioy Google 



REPORT OF THE EXECUTIVE COMMinEE. 



The Execntivo Committee respectfully submit to the Board of Regente the 
following report of tlic receipts and ezpcnditurea of the Bmithsonian Inatitation 
dming tho year 1S63, with cettmatcs for the year 18C4: 

General Statement. 

RfiCKIPTS. 

The whole amount of the Smithson bcqnest deposited in the 
treasury of the United States is $515,109, from which an 
annual income ftt 6 per cent is derived of $30,910 14 

Tho extra fund of unexpended ineomo ia invested aa follows, v\z : 

In $75,000 Indiana 5 per cent, bonds, yielding (less United States 

tax) 3, 749 50 

In $53,500 Virginia G per cent. bondB. 

lu $12,000 Tennessee 6 per cent, bonds. 

In $500 Geoi^ 6 per cent, bonds. 

In $100 Washington citj- 6 per bonds, yielding 6 00 

Total income 34, 665 64 

Balance in the hands of the treasurer, January, 1863 29,509 61 

Total receipts 64, 175 25 

BXPENDITURBS. 

For building, fbmttnre, and fixtures $2, 111 78 

For general expenses 11,688 69 

For publications, researches, and lectures 10, 7C1 C5 

For library, museum, and gallery of art ". . 7, 259 23 

31,821 35 

Balance in the hands of the treasurer, January, I8C4 32, 353 90 



STATEMENT IM DETAIL OF THE BXPENDITUKES OP 1863. 

Building incidentals $1, 598 79 

Furniture and fixtures '. 612 99 

$2,111 78 

Meetings of the Board of Regents 104 50 

Lighting 343 71 

Heating 1, 090 76 

I'ostage 421 46 

Transportation, general 374 05 

£xohangeB 1,357 76 

Stationery 486 M 

D,j,i,:^..„CiOogle 



EEPOHT OF THE EXECUTIVE COMMITTEE. 75 

Genera] printing 93 50 

Apparalae .-. . 631 98 

Laooratory 129 59 

iQcidentala, general .' . . 684 65 

Extra clerk-hire 371 65 

Salaries, aecretary 3, 500 00 

Salariea, chief cterk, bookkeeper, laborers, &c 3, 389 00 

«11,688 69 

Smithaonian contribntioDB 2, 545 48 

Smithsonian reports 583 85 

Smithsonian miscellaneoua collections 3, 535 68 

Smithsonian and other publications. 44 1 15 

Meleorologf 2, 410 97 

Researches and investigations <. 150 00 

Lectures 1, 094 32 

10,761 C6 

Cost of books and binding 1,644 65 

Pay of assistants in library 1, 100 00 

Transportation for library 290 35 ■ 

Incidentals for library 24 15 

Unsenm, salary of assistant secretary 2, 000 00 

TransporUtion for museum 695 29 

Incidentals for mnsenm 395 40 

Explorations for musenm 762 39 

GaUery of art 147 00 

7.259 S3 

831,821 35 



The whole income daring the year 1663 was 834,665 64, corresponding with 
the estimate in the report for 1862. The expenditures during the year 1863 
were 831.821 31, leaving 83,844 33 to be added to the balance in the hands of 
the treasurer at the beginning of the year. 

The amount of bills ontstanding will not exceed 8S,000. 

The foregoing statement is an actnal exhibit of the Smithsonian fnnds irre- 
spective of credits and payments made in behalf of other parties. The Institu- 
tion has during the year paid several bills for work done and articles purchased 
on account of the government, part of which has been refunded and credited to 
the appropriation from which the expenditure was originally made. Those 
which have been refunded are as follows : 8476 87 from the Surgeon General's 
office for books pnrchased in Europe through the agency of the Institution ; 
and 837 from the Naval Observatory for transportation. In addition to these, 
iwveml expenditures have been made on account of tho Light-house Board for 
pbolometrical apparatus, and experiments in, the laboratory, which have not yet 
been refunded. 

Alessrs. Rice & Kendall, of Boston, have also refunded $93 80 for paper pnr- 
rha^od of them remmning in their hands not used. 

The appropriations from Congress for the preservation of the collections and 
the distribution of the duplicate specimens of the exploring and surveying 
iipcditions of the government have been expended, as heretofore, nnder the 
direction of the Secretary of the Interior in assisting to pay the expenses of 
assistauts in the museam, and the cost of arranging, labelling, and preserving 
the specimens. The sums thus received have been credited to the mnseum, and 
have served to diminish the apparent amonnt of expenditures for that object. 
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76 EEPOBT OP THE EXECUTIVE COMMITTBB. 

The eetimated expenditoreB for 1863 were as follows: 

For building, famiture, and fixtures $2, 000 

For general expenses 10, 600 

For publications, researches, and lectures 10, 500 

For library, museum, and gallery of art 9, 000 

Total T $32,000 

The actual expenditure oa the building is very nearly tbe same as the amount 
appropriated, 

For general expenses the amomit is larger than the estimate, and this is due 
to the increased cost of materials. 

For publicatious, Sas., the actual expenditure is nearly the same as the 
estimate. 

For library, musenm, and gallery of art, the expenditure is nearly three 
thousand doUars lees than the estimate, but this is on account of the expend- 
iture on tbe collections of the remainder of an appropiiation from Congress for 
the distribution of the apecimens. 

For the year 1864 the same estimates are recommended as those made for 1863. 
The committee have examined the books and accounts of the Institution for 
the past year, and find them to be correct. 
B«spect^ty submitted. 

A. D. BACH£, 
BICHAED WALLAOH, 

CommiOM. 
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JOURNAL OF PROCEEDINGS 



THE BOARD OF REGE NTS 



THE SMITHSONIAN INSTITUTION. 



Washinoton, Jawiiary SO, 1864. 

In accordance with a reBolntiou of the Board of Eegents of the Smithsonian 
Institution, fixing the time of the beginning of their annoal eesBlon on the third 
Wednesday of Janoaiy of each year, the Board met this day id the Regents' 
room, at lOJ o'clock a. m. Present: Hon. S. S. Coz, Hon. J. W. Patterson 
Hon. E. Wallach, General J. G. Totten, and Profeaaor Henry, the Secretary. 

A qnomm not being present, the Board adjourned to meet on If onday, January 
35, at 7^ p. m. 

HONDAV, January 25, 1864. 

A meeting of the Board of Regents vas held this day at 7J o'clock p. m 
Preeeot : Hon. H. Hamlin, Vice-President of the United States, Hon. W. P. 
Pessenden, Hon. L. TnunboU, Hon. J. W. Patterson, Hon. H. W. Davis, Hon. 
B. Walhkch, Hr. William B. Astor, General Joseph G. Totten, Professor A. D. 
Bache, the treasurer Ur. Seaton, and Professor Henry, the Secretary. 

Id the absence of the chancellor, Ur. Hamlin was called to the chair. 

The Secretary auDounced the election, by joint resolution of the Senate and 
House of Representatives, of Professor Agassiz, of Massachusetts, as a Regent 
in place of Mr. Badger, the reappointment by the Speaker of Hon. h. 6. Cox, 
of Ohio, and the appointment of Hon. J. W. Patterson, of New Hampshire, 
and Hon. Heniy Winter Davis, of Maryland, as Regents from the House of 
Rept«seutative8. 

The general statement of the funds of the Institndon and of the receipts and 
expenditures during 1863 was presented by the treasurer. 

The Secretaiy submitted the annual report of the operations of the Institu- 
tion during the past year, which was read in part. 

The Secretary made a statement as to the policy which had been adopted in 
reeard to bequests and donations having special conditions attached to them, 

, „ CiOO'..;Tc 
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and gavo tbe reasooa for decliniDg to accept a herbarium which had recently 
been beqQeath«d to the iDstitntion. 

On motion it waa 

Raolved, That tho actioo of the Secretary in this case be approved. 

The Secretary called attention to the nnexpected delays and embarrasenients 
which had occurred in obtaining tbe remainder of the original bequest of 
Smithsoa left in England aa the principal of an annnity to the mother of tbe 
nephew of Smithaon, and read the correBpondenco on the eabject with the 
attomeye, and also a letter firom Elon. 0. F. Adame, tbe American minieter to 
England. 

On nlotion it was 

Resolved, That a committee be appointed, consisting of the Secretary, Mr. 
H. W. Davie, and Profeesor fiachc, to confer with the Secretary of State and 
the British minister relative to the action of the English authorities in regard 
to the money due the Smithsonian Institution. 

On motion, the Board adjourned to meet on Wednesday, January 27, at 7J 
o'clock p. m. 

Wbdnksdav, January 27, 1864. 

A mee^g of the Board of Regents was held at the luatitntion at 7^ o'clorji 
p. m. Present ; Hon. H. Hamlin, Vice-President of the United States, Hon, 
6. Davis, Hon. B. Walloch, Mr. William B. Astor, -Professor A. D. Bache, and 
the Secretary. 

Mr. Hamlin was called to the chair. 

The minulee of the last meeting were read and approved. 

Professor Bnche presented the report of the executive committee, which was 
read and approved. 

The Secretary presented the remainder of his annnal report, whidh was read 
and adopted. 

He also presented a series of letters illtistrating die correspondenco and 
operations of the InstitntioD.* 

On motion, the Boaid adjonmed to meet at the call of the Secretary. 

TCKSDAY, March 15, 1864, 
A meeting of the Board of Regents was held this day at 10} o'clock a. m. 
■ Present : Hon, H. Hamlin, Vice-President of the United States, Hon. S. 8. 
Cox, Hon. J. W. Patterson, Hon. R. Wallach, Professor L. Agassiz, Professor 
A. B. Bache, and the Secretary, . 
Mr. Hamlin was called to the chair. 
The minutes of the last meeting were read and approved. 
The Secretary presented a series of works on natural history, which had 
been prepared and printed at the expense of the Institution, and also the 

* See end of the Procwdingt, page 60. 
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maatiacripta of several others which hnd been offered for publication. All of 
these, he stated, had been referred for critical examination to Professor Agassiz, 
who would faror the Board with some remarks in regard to thi?m. 

Professor Agnssiz stated that, ao fur ae he had had an opportunity of 
examining the original papers, he considered them worthy of publication; that 
he would give the whole series of works on natural history, which constitute 
portions of what ia called the Miscellaneous Collections, a critical oiaminotion, 
and present a report upon them at a future time. At present be would beg 
leave to make a few remarks on the importance of adopting measurOB for in- 
creasing the efficiency of the active operations of the Institution by relieving 
them, of the expense of the support of the museum, library, and gallery of att. . 
Unless this could be done, many valuable contributions- to science offered for 
publication would have to be postponed or refused. He thought that the 
resources of the Institution were inadequate to carry on at the same time its 
active operations, and maintain a museum, a library, and a gallery of art upon 
the only footing upon which they can truly be creditably supported. Without, 
therefore, making a definite motion, he would submit for future coneideration 
the propriety of asking the government to take charge of the museum, the 
library, and the building now occupied by the Institution, with a view of main- 
taining them on a more extensive scale, and relieving the Smithsonian Institu- 
tion of a lai^e expenditure whicli, for the advancement and diffusion of science, 
had better hereafter b^ devoted to the active operations of the Institution. He 
hoped that if such a plan would be carried out, the resources inverting to the 
Institution from the transfer of the museum and library to the government, 
either to form an independent organization or to be carried on hereafter as 
before by the 9mithsaniaQ institution, the active operations of the latter would 
be greatly extended. 

The Secretary stated that the suggestions of Professor Agassiz were in 
accordance with the views whidi bad beeu entertained by the majority of the 
Board of Regents from the first discussion of the organization of the Institu- 
tioa ; that the present disposition of the funds was a necessity which was im- 
posed upon the directors by the requirements of the law of Congress establish- 
ing the Institution, and that he had always entertained the hope that the sup- 
port of the building and collections woold in due time be provided for by the 
geaeral government, and a national museum bo founded which would be com- 
mensorate with the intelligence, extent, and resonrcea of the country. 

Professor Bache fully concurred in these remarks, and moved the following ' 
resolutions, which were adopted : 

Betalved, That a committee be appointed to report to the Board of Begenta 
any suggestions for extending the active operations of the Smithsonian Institu- 
tion, and for the separate nuuntenonce of the collections. 

Retolved, That this committee consist of Professor Agassiz, the Secretary 
of the Institution, Mr. Fessenden, Mr. Patterson, and Mr. Oox. 

He Board then adjourned tine die. 

DigmzecDy Google 
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CommtutUatioitJrom Dr. B. A. Qomld, tm a new diteuttiim and redaction of the 
obieroatiotu of Piazxi of Palermo. 

Cambkidob, May 16, 1863. 

My Dear Sik : For many yean I have bees atrongly conTinced that an 
extremely valuable coatribntiou to astronomical ecieuce might be made by a 
new discusBion aad reduction of the observations of Piazzi at PalenDo. 

This eminent astronomer, with bia aasiatants, was engaged, during die twenty- 
two years from 1793 to 1813, in observing the positions of the principal fixed 
Htars. He was provided with the best instraments which could l>e obtained at 
that time, and bis observationa have been, and mnat continue to be, our prin- 
cipal and most trustworthy source of information as to the places of between 
eeren and eight thonsand fixed stars at the beginning of the present century. 
As nearly as I can estimate without an actual count, he must nave made abont 
ninety thousand determinations of right ascension, and from sixty to seventy 
thousand of declination, the original records of which observations still exist. 
From these he constmcted bis two well-known catalogues — the first in 1803, 
the second in 1814 — contdning the mean places for 1800.0 of 7,646 stars. 

His methods of observation, while, of coorae, far inferior in many respecta to 
those of the present day, were the best in nse at that period ; and the care and 
fidelity with which tbey were used seem to have been onsarpassed ; and, al- 
though the reductions upon which the catalogue was based seem to have been 
incommenanrate in precision with the observations themselves, still this cata- 
logue has, for the past fifty years, been a standard authority with astronomers, 
and, for a great part of that time, their chief dependence for both the right 
ascensions and declinations of stare. 

The original observations of !Kazzi were sent by him for safe keeping to his 
fiiend Oriani, in Milan, and have been carefully preserved at the Ooservatoiy 
of the Brera in that city. In 1845, Professor Littrou, the director of the Impe- 
rial Observatory of Vienna, incited speciatly, as he says, by Areelander, and 
encouraged by Besael, Gauss, Schumacner, Struve, &c., commenced the printing 
of these original obaervationB as part of the series of Aonala of the Vienna 
Observatory, and they have thus been for several years accessible to astronomers. 
When ot^anizing the Dudley Observatory in 1856-'5S, it formed an int^ral 
part of my plan, not merely to institute new observations of the heavenly bodieB, 
but to carry on such computations, reductions, &c., ae might render available 
■pastfobeervations of this and the last century, which would otherwise be either 
useless or of inferior valne to astronomy. Various undertakings of this kind 
were planned, but the first of all to be begun was the re-redaction of the whole 
Aeries of Piazzi's observatians, nsing the best values of the constants of pre- 
■ cession, aberration, and mutation, and investigating all the instrumental errors 
with core ; and I made considerable progress in arranging the details of the 
computation. After communication with Professor Littrou, and an extended 
correspondence with Professor Argelander on the enbject, in which this distin- 
guished astronomer gave me many very uBefal soggestions, the whole plan was 
completed, and, but for the misfortunes which interfered with the usofnlneBS 
of the Dudley Observatory before its activity had fairly begun, the new cata- 
locue would doubtless now have been in the hands of astronomers. 

My health and opportunities of labor being now greatly improved, I am 
anxious to resume this work, and write to ask for your influence and aid, as hx 
as possible, in fiirtherance of the plan. Knowing, as yon do, the natura of the 
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work p.-oposed, it ia altnoBt needleee to dwell npOD its value to science. The 
oae conBidcmtton, that Piazzi's obBervations iDoet, for long years to come, fnr- 
nieh the only meane of determining the proper motions of more than five 
thoneaud stars, is of itself sufficient. For the other etare observed by him, 
they conatitute a most important clement in the determination. The huge 
nnmber of Btars, ohserved in zones by Lalande, at almost the same period— more 
tban fifty thousand — depend for their rednction and value almost solely upon 
Piazzl'a results ; and the formation of a new catalogue of the latter will give an 
altogether new value to the results of Lalande. The great mass of independent 
observations thus rendered more accurate can speak tor themselves, and it ia 
manifest that their usefulness will be far greater than that of the same number 
of new observations made now. 

Unfortunately, Piazzi's observations do not afford all the elements now 
known to be needed for their reduction, and it will douhtlesa be nceesaary to 
reduce them differentially, thus greatly increasing the labor. Not merely quee- 
tiona of azimuth, zenith point, and clock correction, but also questions of 
graduation, of irregularity of pivots, and even of rcfraclion, must be discussed, 
Uihb rendering the undertaking one of no small magnitude ; still it would, I am 
Bore, be labor well bestowed, and, as Professor Argelandcr wrote me in 1857, 
" it would be a grand thing, • • • • and one of the most important 
things that could be done." 

The first process required is the reduction to the mi 
all the observations just as they were given by Plazz 
coald be carried on by ordinary computers, and would ii 
even were the discussions of the observations to be oi 
tute nearly two-thirds of all the labor, and possesses the great advantage that 
whatever is done, be the amount large or small, is immediately available. The 
best estimate that I am able to make gives about $5,000 as the probable coat 
of this reduction, to which from one-quarter to one-third should oe added for 
the expense of checking. compariDg, and correcting mistakes. Therefore, be- 
fore beginning, I desifc to make sure that at least ®i5,000 will be available for 
the purpose. There is scarcely a limit to the number of romputers who could 
be employed at once upon this part of the work. It might easily be occom- 

filiehea in a single year, or it might be slowly and regularly carried on for a 
ong time, the expense boiug not very different in the two cases. 

This process being completed, the remainder of tbe work, consisting of variona 
investigations, in addition to the discussion of the instrumental corrections, and 
tbe formation of a catalogue from the observations after alt reductions have been 
applied, would, of course, require more deliberate study. It would probably 
occupy at least two years, but I think the expense would be decidedly inferior 
to that of the first process. Indeed. I have convinced myself that all the ont- 
lays needed for the whole undertaking in all its branches would not cx(»ed 
tlO.OOO, and that if this sum were now available, the work might be completed 
in two years, inasmuch as parts of all the processes could go on simultaneously. 
My sense of the usefulness of this work, and my conviction that nstronoraere 
everywhere would agree in tbia opinion, are so strong that I have determined ' 
to appeal to you for aid, well knowing that your interest and moral support 
will, under any circumstances, not be wanting. It is precisely such an under- 
taking as the plan of the Smithsonian Institution would lead it to encourage ; 
and although I can readily see that the amount needed is larger than the Smith- 
sonian would probably be able to apply at any one time to tbe furtherance of 
any one science, still I come to yoa I'ith my plan, well assured that you will 
willingly do what yon can in its behalf, whether by some gradual appropriation 
year after year, from the Smithsonian funds, in aid of what I have called the 
first process, viz. : The computation of the coirectdon to the mean equinox of 
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1800.0, dr in somo atUl more acdve way, by enliBtiug intereet and Becnring aid 
from other sources. 

For several monthe past I hare devoted such time and means as I could to 
the preliminaiy steps, and, as yoa are aware, I now desire only the meuu of 
defraying the indispensable ontlaya, wishing to coDtribaI« my own servieee in 
behalf of the work. 

1 am, dear sir, very reepectfolly and truly yonrs, 

B. A. GOnU). 
Professor JoSRPH HsNRV, 

Seeretarif of lAt Smthtomam Ltatitttlian. 



The proposed volume to contain from 600 to 800 pages royal 8vo, to be 
put up in a cheap form, in the manner of legislative documents, with ample 
tables, indexes, &c., for easy refercuce. If it shall be thought best, die form 
might be changed to itoo vommes— one embracing the original thirteen States, 
and the other the rcmatning States and Territories. The plan of the work 
would comprise the following topics : 

I. OfunicerMil education, consideredas an essential element of free political 
institutions, what should be its character and extent 1 

II. An historical sketch of th« laws of the several States on the enbjoet of 
education, and the establiebment of public schools, academics, and colleges. In 
thiq connexion would be given the provisions for education under the colonial 
government, and their influence on sncccedmg legislation. 

III. An abstract or synopsis of all laws now in force in the Bcvcral States 
touching public education, and of coatom|)oraneous judicial expositions of the 
law, so fur as they affect the essential principles of the system. 

IV. A sketch of the present slate of public education in the country ; 

fa. J Of the divitioH of territory for school purposes, what and bow made ? 

(b.J Of the manner of raiting numcy for the support of schools, and the 
amount rallied and expended in each decade of years, of the present century. 

(e.) Of the permanent revenue for the support of schopls — if derived from 
a fund — wheu and how "was such fund created, and what ia its amount and in- 
vestment ) what portion of the annual school expense ia derived from it, and 
what is its effect to stimulate or depress the working of the system 1 

(d.) Of the number and average age of children under matrnction, distin- 
guishing the sex ; the number in attendance, in proportion to the whole popn- 
utiMi, and the average time of attendance. 

^.) Of the mode of employing teacA^t and determining their qualifications. 

^.J Of the number of teachers employed, distinguishing the eex ; the compen- 
aation allowed ; the average ace of teachers, male and female separate ; and tbe 
average amount of time employed iu daily teaching, making distinct heads 
of simmier and winter schools. 

fg.J Of tbe branc&et taught in the public schools, and tbe proportion of time 
devoted to each. 

f&.J Of the preparation and introduction of Khool-bookt ; character of them 
in early schools — improvements in them ; expense of tbem, and by whom borne ; 
and the number and variety of them, in the different braocbee, which are in 
ust' in the different schools. 

V. Of normal tcJiooU, number, when organized, bow supported, number of 
pu]iils, termd and condition of admission ; what proportion of pnpils pursue 
tcuching for a livelihood, and what proportion of these succeed. i 
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VI. Of tchool-houtet, thedr ni^tber, arenge capseity, maimer and meaiu of 
tmilding, and improvements in respect to site, ventilatioD, beating, fomiture, 
ont-honirfes, Aec, &x. 

Til. Of <c^M>/ ItftrartM, number of BchoolBsappliedvitli; hovandbywbom 
selected ; fiindfl to pnrchaee, and the amoont and source of tbe same ; nnmber 
and character of volumes ; cost, mode of distribnting, preserving, and extent of 
circnlation. 

VIII. Of the religioiu dement in public schools; if tees than formerly, 
whrl To what extent necessary and practicable? 

IX. Of poptUar manners and cuttomi in the Bchools ; habits of thinking and 
acting; domestic and social character, and qnalifications for citizenship, aa they 
are inilaenced by our systems of pnblic education. 

X. Of phyncal education, irhat time appropriated to it ; vhat facilities and 
encooragemeotA are afforded; what methods adopted, as drill, gymnaaium, or 
athletic games ; and what part teachers take therein. 

'SI. Oiinfattt Khodt. . 
XII. Of Sw»day ichooU. 

Xm. Of eoUegea and other public literary initilntiont, so far as they afford 
aSd to, or receive aid from, the public schools. 

XIV. Of the comparative expense and valtte of public education at different 
periods of onr history. 

XV. Of lyeetimt, mechanics' inttitntet, evening xftooU, and other methods of 
adalt education, to make other means of education available, or to compensate 
for the want or neglect of early advantages. 

XVI. Number of persons o/* tchool age that are under intlmctioH, tbe pro- 
portion of the population that can both read and write ; the qualifications of 
the pupils, npon leaving school, to engage in the active pnrsnite of life, with a 
superior phyneal, moral, and intcifeclual character. 

The materials being thus collected, would be arranged under the title of each 
State, respectively, whatever is peculiar in its educational history and statistics 
being placed nnder specific heads, and what is common to all under general 
beads. 

For example, Maine might occupy the first chapter owection of tbe volume — 
and we shonid first refer to Massachusetts for all matter preceding 1820, when 
it ceased to be a province. Then would come a succinct account' of all legisla- 
tion on tbe snbject, inclii4ing an abstract of existing laws; then tbe origin, 
amotint, and mode of distributing any school fund. Next, a bird's-eye view of 
the actual condition of the schools, government, discipline, construction of 
buildingH, character of teachers, text-books, and tbe obvious firoits of the sys- 
tem. Whatever peculiarity there may be in the climate, in the habits and 
pursnits of the people, or in the condition of society, affecting favorably or 
otherwise the interests of education, would find a place in this connexion. 

After completing tbe circle of States in this way, a condensed chronological, 
historical, and statistical survey of the entire conntiy would be in place, and 
such principles or conclnuons as are eEtablished by tne focta stated and illus- 
trated. 

It will be observed that the plan contemplates die history of each State 
con^plete in iUelf, and if prepared by an individual selected for the purpose, 
might bear the author's name, like contributions to a biographical dictionary or 
an encyclopedia. Of couiae it would serve a valuable local puipose. and if 
properly prepared, would secure a share of pnblic patronage, while the vihoU 
volume would furnish highly interesting and important information to the 
country at largu and to foreign inquirers. 

When the outline thus sketched is well digested and matured, my purpose 
would be to forward a schedule of the subjecle to some qualified patriotic person 
in each State, requesting his co-operation. The great advantages of ]ianM| the 
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work doDe by a resident of the StatCB, rcspe^vely, are the accuracy, fidelity, 
and fiilnesB which wonld be secured, the facilities for obtaining materials, and 
the anthoritr which it would bear. These considerations might induce one or 
more snitable persons in each State to encounter some personal inconvenience, 
especially as the service is one of vast and permanent importance, and can be 
better done now than at any future period. 



The PrendeiU of the Chamber of Commerce of Bordeaux to the Secretary of 
the SmUhiOnian Institution at Washington .• 

Sir : I am not ignorant that the Institution of which you are the Secretary, 
and which labors with lUe most praiseworthy zeal to promote the progress of 
the different branches of human knowledge, main^ins relations of exchange 
with the Imperial Academy of Sciences, Belles Lettres, and Arts of Bordeaux. 

The Chamber of Commerce, anxious in its turn to co-operate, as far as pos- 
sible, in the realization of the plans which you pursue, feels pleasure in trans- 
mitting to you a copy of its publications. They comprise a collection of its 
proceedings since 1850, the first volume of the catalogue of its library. &c. It 
is hoped that these various publications will find a place in your collections. 
The Chamber has, on its own part, founded a considerable library, which ia 
open to the public, and it would oe happy if the Smithsonian Institution shoold 
think proper to send as some of the volumes which it publishes, and which are 
filled with documents of the greatest interest on America, and on different ques- 
tions of importance. These works wonld thus be at the disposal of a consid- 
erable number of studious persona, and they would contrionte to make the 
services of the Institution of which yon are the organ appreciated iu all their 
extent in Europe. Be pleased, sir, to accept the assurance of my most dis- 
tinguished Gonsideratiou. 



Oartb del Palasio, Milan, 

October 31, 1862. 
Sis : Through the kindness of yonr agent. Mr, Bossange, of Paris, we have 
received the Annual Beport of the B«ard of Regents, presented by the great 
and liberal Smithsonian Institution to the Carte del Palasio 's Agricultural As- 
sociation, of which we are directors and regents. Beading your valuable re- 
port, we have seen with the greatest satisfaction that the interesting and useful 
results of your labors have been approved and commended by intelligent men 
everywhere. Whilst expressing, honored sir, our wannest thanks for having 
been deemed worthy by your Institution to participate in the gifts which the 
liberality of the Smithsonian Institution renders to men devot^ to science, it 
wiU be a source of pleasure to us to endeavor to reciprocate your kindness. 
To promote knowledge atid facilitate its progress by stimulating men of science 
to undertake general and extensive researches, and to offer the means of con- 
tinuing them, is the most useful service which can be rendered to mankind. 
The very extensive means which your great Institution has at its command, 
the ardor with which your officers and regents began and continue theu- difficult 
work, are infallible indications of the greatest results which will be produced. 
And we do not doubt that the material and moral progress of individuals, with that 
of science in general, will iully realize the anticipations of the founder, and 
amply recompense the continned labors of the distingaished diroctoia of the 
flmithsouian Institution. . CiOQijIc 
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As directors of a otw institntion, which we hope will alao eoon produce im- 
portant reeulta in ogricnlture, we shall be content if, ia reciprocating your 
kindneiie, we can aleo in any way eervc the laudable purpoBee of your Inetitn- 
tioD by presenting the results of our own labors and researches. 

Again exprcet«ing our thanks, we have the pleasure of sending some of the 
publications relating to our institution, with the hope that they will he placed 
in the Smithsonian libmry. They are the following: 1, Programme of organi- 
zation of the Carte del Palaaio's Agricultura! Association. 2. Annual BeportB 
of the Association for 1859-'61. 3. Agricultural Annals, hy Dr. Gaetano Can- 
toni, professor of agronomy. 

Tour moat obedient eerrantB, 

8io. ANTONIO BESCHIN, Direiiort. 
Db. gaetano Cy^TONI, Pm/uMor. 



Office Sup't U. S. Military Grngbal Hospitals, 

Memphu, Tmntswe, September 5, 1863. 

My Dear Sir : I am in receipt of your letter of the 26th ultimo, hy which 
I learn the pleasing intelligence that the " great Tucson meteorite" is in a fair 
way of getting to Wushingtoh at last. I am sure you will feel proud of it when 
yon see it. I knew the "Carlton specimen" was not ours, as I had sent it to 
Hermosilla before I left Arizona. That sent in by General C. is about 7fiO 
pounds, while oure ia about twice that weight. 

The only history 1 can give you is a vague oq|^ aa there is no written record 
of iu advent in Tucson, The old iuhabitants or that place all agree that it 
was brought there from the Santa Catarina mountains, which lie to the north 
of Tucson, about midway between the Rio San Pedro and that town. It was 
brought in by the militair stationed at the old presidio, where it remained until 
after the withdrawal of the Spanish garrison. It was then taken into town, 
set up on end, and used as a kind of |f blic anvil for the use of the inhabitants. 
The smaller one was used in a blacksmith's forge for aioiilar purposes. In 
1857 I found the large one lying in one of the by-streets half buried in the earth, 
having evidently heeu there a considorablc time. No person claimed it, so I 
publicly announced that 1 would take posacseion of it in behalf of the Smith- 
sonian, and forward it whenever an opportunity offered. Mr. Palatine Uohinson, 
near whose house the iron was, assisted me in getting it sent to IIcnnosill&. 
There was some expense attending its hoisting into the truck-wagon that took 
it down to Souora, which 1 paid to Mt. B, Mr. Ainsa agreed to take it, or 
have it taken, to Ouaymos. Sonera, for fif^y dollars. 

The people of Tucson all agree that a shower of these meteorites fell in the 
Santa Catarina mountains some two hundred years ago, and I have been told 
that there were plenty of them remaining in the mountains. I never was in 
the immediate portion of the mountain range where they report the specimens 
ore to be found, so I cannot vouch for the correctness of their reports. As the 
country is volcanic almost entin^Iy, I have often thought, from the fact that 
iron ore is abundant in several of these mountains, that it might have been that 
masses of iron mineral were reduced to the metallic state hy volcanic heat. See 
in the case of the famous "Planchos de plata" silver mines, some one hundred 
miles south of the Saata Catarina, where largo pieces of pure silver have been 
found reduced to the pure state by fire, which has left everything in its vicinity 
in a slate of calcination. One piece weighing 1,500 pounds was found and cut 
in two to allow its removal to the city of Mexico by the Spanish authorities. 
I think yon will find allusion to those iuteresting and once rich mines in Orantz 
Mayer. 
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I believe I have giveo jon eome data about tbe Tneson meteorites in a 
monogram pablished by the War Department in 1860 ; Medical Statiatica of 
United States Army, 1855-'60. 

I wish I coald give you full iufoimation on tbia matter. Please let me know 
wben yon receive it, and be aesared that when I go to Washington I will pay 
my respects in person to yon and it. 

I am very boey, so yon will excose this hmried letter, and believe me 
Yoors, very respectMIy, 

B.J. D.IRWIN, 
Surgeon United titaUt Army. 



San Pbancisco, Oal., JtUy 8, 1863. 
Dear Sir ; The aerolite which had remtuned ao long at Alamito, for want 
of a proper pcrsoa to bring it hei;e, was brongbt by one of my brotbera, Jeans 
H. Ajnaa, who visited Sonora lately. We have been induced to retain it her« 
for a ehort time, to satisfy the curiosity of tbe San Francisco people. Tbe 
State Geological Society asked to be allowed to have a small piece for their 
GOtlectiou, which request was, of course, granted. With this exception tbe 
aerolite has beeu preserved entirely in the same condition in which it was found 
in Arizona, and by the 13th of this month we will have the pleasure to ship it 
to New York, under the care of the Pacific Mail Steamship Company. 
I take this opportunity to offer my services to tbe Institution. 
I remain, respectAdly, 

^ SANTIAGO AINSA. 

Professor Henbv, 

Smithtonian LutitfUion, WoMhittgUnt, D. 0. 



t 

San Fbancisco, Gal., Augwtt 36, 1863. 

Dear Sib : I have the pleasure to acknowledge your favor of July 31, and 
I take pleasure in complying with your request. In fact I intended to do this 
bcFore, but, owing to many engagements on band, I have been poetpouing it to 
this moment. 

I announced in my last that the meteorite would bo sent by the following 
steamer from that date ; hut we were askad to retain it some time longer by 
some scientiGc men, who wished to examine it closely. 

The history of this aerolito we have from our grandmother, Dofi^ Ana Anza 
de Islae, daughter of Don Juan Bautista Anza, our great grandfather. The 
Jesuit miasionaricB had the earliest knowledge of this curioi<ity. There were 
various theories entertained about it; but it was generally believed ta proceed 
trom some iron mine in the vicinity, which belief holds to this day In Sonora. 
In an expedition made by Don Jnan Bautista Anza, then "Gran Capitan de 
las Provincias del Occidente," almut the year 1735, to the country about 
Tucsou, he was induced to visit the aerolite, aud he undertook the work of 
transporting it to Spain. The place where it was found is called " Sierra de 
la Madera," on a spot called Los Unchadios. Through tbe want of proper 
means and the bad state of the roads, (having to carry it to Sun Bias, then the 
nearest port of entry,) the work of transportation was given up, and they were 
satisfied to take it as far aa Tucson. There it rcmaiucd ever siuee, until my 
brother, Agustine Ainsa, nnderl<K>k to transport it, in 1860, and present it to the 
Institute. His intentions, however, were never carried out until May last. 
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when another of mjr brothers, JesoB H. Aiasa, visited Souon and brought it 
with him on bis return. 

B; the time of the receipt of this the aerolite most be alreadr in Washington, 
aa we delivered it to the agent of the Institute abont a month ago, to have it 
transported to 70a. Tour agent spoke to us abont expenses ; but we wish not 
to deprive onrselves of the honor of having presented it to tbe Institute, and 
as such we desire that 70a should accept it. 

I wonld be tbankfol if you would send me a copy of the analysis, and of other 
information about tlie aerolite ( and if yon find it not too troublesome, to send 
the same, with my compliments, to St. John's Oollege, Fotdbam, New York, 
where I was educated. 

I hare tbe honor to remain, your obedient servant, 

SANTIAGO AINSA. 

Joseph Hbnry, Esq., 

SmithMomoM IiutitiUitm, Wathington, D. C. 

[This meteorite ie now in the museum, and is an object of special interest to 
vtsitore.] 



LiTTLB Olacb Bay, Capb Breton, Nova Scotia, 

Octoier 25, 1863. 

My Dear Sir: I send you a specimen of "coDe-iu-ctwe," which I have 
lately obtained in sinking a shaft at this place upon the Haibor Vein seam of 
coal doBcribed in Professor Lesley's report of this coal-field last year. 

It was foand iu the band that corresponds to the black hitnminous shales 
below the one inch of cannel coal, and 23 feet above tbe Harbor series of five 
feet of coal. 

It was only obtained on the northwest side of the shaft, thinning ont to tbe 
Bonth and east, or towards the "crop." The greatest thickness of Uie bed was 
abont 7 inches. Tbe largest " cone-in-cone " was 5j inches in diameter. 

The journal of the strata sank through difi'ers somewhat from Professor 
Lesley's taken at the shore. 

ft. IlL 

At the shaft-drifl and gravel 10.0 

Blue shales, with cycles shells, fish teeth, and other remains 3.0 

Cone-in-cone 5 

Brown band, with coprolites 3 

Blue arenaceous shales 1.0 

Hard white sandstone ' 2.0 

Thin bands of shales "fncoids" 3.2 

Hard sandstone 4 

Blue arenaceous shales 2.6 

Sandstone, black mark, like the fruit "cardeocarpon" 1.04 

Bandy shales 11 

Hard blue shales 3.10 

Blacker band 4 

Fire-clay and ironstone balls .' 7.5 

Coal 5.5 

41.11 

I cannot find in any work that I posBess anything exactly like them, no 
diink they may be of uitereBt to add to your museum. 
The pointB of tbe cones are downwards. /— 1 
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I shall bo glad to hear from yon nhout them after they hare been ezamined. 
I have scat a specimen to Dr. Dawsou, Montreal, but fear the season is too 
late for him to get it this year. 

1 rcmaiu, my dear sir, your obedieat servant, 

HENRY POOLE. 
Joseph Hunky, 

Secretary Smithionian Institution, Wathington. 

The above relates to a very iutereating specimeu of a remarkable concretion 
of a clayey material, whicli occurs in thin slabs, entirely formed of cones, the 
axes of whieli are all at right iingles to the parallel surfaces of the slabs. The 
only explanation which occui-s to us of the mode of formation of this structure 
is that of percoktiou of water charged with earthy material through a porous 
rock, and filling a tiorizoutui crevice with parallel sides, with a series of stalac- 
tites and stalagmites. J. H. 



^ HuNOAiUAN National Museum, 

Peith, October 15, 1863. 
Sir : In reply to your esteemed letter of the S9th of May, I have the honor 
to inform yon that the birds scut us through Dr. Flugcl have been duly re- 
ceived, and I beg lea^'o to returu the heartfelt thanks of our institution for the 
same. Full acknowled^onts have al^o been made in our reports, and in the 
newspapers, of onr obligations to the Smithsonian Institution, which stands so 
high in public opinion everynbere. 

AUGUST V. KUBINYI, Dirtctor. 
Joseph Hbnky, Esq., 

Secretary Smithitmian Institution, IVaaPiington. 



Christiana, Norway, Noicmber 4, 18C3. 

8tR ; Having been appointed director of the Ethnological Museum at the 
University of Christiana, 1 have perused a letter of tlic Gih May, 1S<)2, from 
the secretary of the Smithsonian Institution to the secretary of this university. 

As this letter alludes to the endeavors of your excellent Institution for the 
collection of ethnological objects from North America, and the utility of estab- 
lishing a system of exchange for European curiosities, I have made use of the 
opportunity to offer you what wo have in this line. 

The aboriginal population of this country are the Laps or Laplanders, living 
at present on the mountains and sea-coaittB farthest north of Norway, Sweden, 
and Russia. Their language proves them undoubtedly to be of the Mongolian 
stock in Asia, and, as such, related to the red man of America. Tbe Laps arc 
a remarkable inEiance of this race, as they arc converted to Christianity and 
have adopted the habits and industry of civilization, modified by tbe severity 
of the arctic climate in their Country and their peculiar mode of subsistence as 
nomads with flocks of reindeer. Wo have procured a set of models made by 
the individuals of the people themsclvea, ana illusti-atixe of their present mode 
'if existence. 

In offering this small colleclion for your aeceptaacc, we hope that it may 
.icrve a scienlific purpose in comparing the red man with hie yellow brother in 
the old continent. If it should be in your power to afford usWme correspond- 
ing objects from your field of research, tliat is so immensely moresxtensiyc, a 
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very great desideratum m our collection would be Btipplied that would engage 

our most cameet attention. 
The articles in question are — 

I. Three casts, in plaster, taken from living iadividualH, viz : 1, an nnmixcd 
Lap, 39 years old ; 2, a miiu whose father w.ia a Fin from Russian Finland, 
and whose mother was a Lap, 42 years old j 3, a man whose grandmother was 
a iSwede, (of the Teutonic stock,) otherwisu Lap, 43 years. 

II. Fonr photographic portriiits : 1, mixture of Lap and Fin, 88 years; 2, 
74 ye.trs ; 3, 28 years ; 4, 38 years — pure Laps. 

III. A reindeer, harnessed with its sledge. The sledge is canoe-shaped, so 
as to be able to move npon the deepest and siil'tcst snow withont going down into it 

IV. A pair of snow-shoes, being very long pieces of thin wood, with which 
the Lap can walk upon soft snow. They have straps or stirrups to put the 
feet into. The man moves on with the staff. 

V. A pair of pack-saddles, with which they move their luggage in enmmcr 
on the back of the reindeers ; included is a model of a wooden tub and a cask ; 
two flat pieces of wood to lay across the back of the reindeer are attached. 

VI. A trunk, in which is included the woodun bowl for preserving the rein- 
deer milk, and the press for making cheese out of it. 

VII. A spade for removing the snow. 

VIII. Two large wooden bowls. 

IX. A tent; in the middle the fireplace and two pots hanging over it; 
behind is a scaffolding of wood for their stores, raised npon poles, so that it 
may not be attacked by dogs. 

Confiding in your interest for the advancement of eoience, I rwnain, very 
respectfully, yonr obedient servant, 

LOUIS KB DAA. 
Joseph Henry. Esq., 

Secretary b'mitkionian Ijutifutwn, Washington. 
[These articles are now in the n: 



EaISBBLICHB-EONIGLICHB GeoLOOISCHB RBrCHS-AnSTALT, 

Viettm, DeeembeT 11, 1863. 
Sis : I have the honor to transmit to yon for the Smithsonian Institution & 
eerica uf tertiary fossils from the Vicuna basin, viz : 

From the Congeria beds 6 species. 

From the Cerithium beds -^ 10 species. 

From the Marine beds S70 species. 

Total 886 species. 

In the boi prepared to be sent yon will find, 1, the present letter ; 2, a sys- 
tematic catalogue, with tabular reference to the localities; 3, a catalogne in 
which the localities are kept separate; 4, a giiide of geographical reference for 
the localities. The number of specimens or lota in catalogue 3 is 622. Beside 
these there are a number imperfectly determined or not belonging to Austrian 
localitiL"8. The rest will give a pretty fair idea of the leading or type mollusca 
of our Vienna basin. The series here offered has been composea or selected 
under the auspices of Dr. Hilmes, director of the Imperial Mnsenm of Miner- 
alogy, and he placed it at the disposal of our Imperial Geological Institute, bo 
that I beg you will consider it as a joint offer from both establishments. 

I have the honor to be, dear sir, ever most truly yours, 

W. HAIDINC^SB- 
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British Mdseum, December 3D, 1863. 
Dbar Sir : I have to acknowledge the receipt of your letter of this day's 
date, and to acqu^at yon that the tnietces have acceded to the request made 
by Frofeesor Henry, on behalf of the Smitheooian Institution, and that I have 
instructed Dr. Gray to give you every facility with a view to such electrotype 
impreitaions being made for that Institution a^ are required from onr wood 
engravinga illuatrative of the couchology of the North American continent. I 
shall be happy to see yon, and to give you any asaistance in my power when 
ever it may be convenient for yon to coll at the moacum, a« you propose. 
Believe me, dear sir, yours truly, 

A. FANIZZI. 
Dr. P. P. Oabpbntbb. 



31 Pfbidbmabket, Hambubo, 

Febrvarti 4, 1864. 
Dear Sir : I duly received yonr very kind letter of the 6th of January, in- 
forming me that the director of the Smithsonian Institution would have the 
kindness to send me five of the American pcrennibranchiatCB for inveetigatioD. 
A few days afterwarde the box was delivered into my hands, containiug— 
1. Menopoma AUeghanienae. 
.2. Mcnobranchna lateralis. 

3. Siren lacertina. 

4. Amphinma tridactylom. 

5. Siredo'n piaciformis. 

All these amphibia being of the greatest importance for my studies, I cannot 
bnt express to yon my most sincere thanks tor this most valuable assistance. 
You will allow me to pay to your renowned Ins titution, in the mean time, my thanks 
for the reports and other v^nable works, particularly on the Zoology and Anatomy 
of Amphibia, pubUshed at Washington, and directed to me some years ago. 

I should feel most happy if von would give me & direction how I might pay 
my thanks in a more material manner. Ton will, therefore, oblige mc very 
much By informing me of the desiderata in your collections. Perhaps there 
might bo some European fishes or amphibia which I might be able Xa procure for 
yon. Of sea snakes, which family of snakes I have described some years ago,' 
there are also some few species in my own possession. In minerals I am pretty 
rich, having the beat private coUection of this branch that exists in our place. 

It is only on the supposition that I might be able to furnish t« the Smithso- 
nian Institution some equivalent that I take the great, and, perhaps, immodest 
liberty to meulJOQ, that one specunen more of the genera amphiumo, siren, and 
menopoma, would be of the greatisat importance for my studies. It would be 
very difficult to decide all the anatomical questions concerning the named 
amphibia after the investigation of only one specimen. Having the intention to 
describe in a comparative manner the bones, muscles, and nerves of the famous 
Salamandra Japonica, with relation to the other genera of Icbthyodea, I feel 
myself in a high degree advanced by the Bpccimens which I owe to your kind- 
ness, and wonld be mduced to hope that my little work might not remain quite 
imperfect, if there would bo any chance to acquire still one specimen more of 
the above-mentioned three genera. 

Finally, you will allow me to say that I am not now in any connexion with 
the Hamburg Museum, as the address of your letter swd, but that, though 
being on very fiiendly relations with the directors of our collections, I have 
given up my place among them. 

With the highest regards, I am yours, very respectfully, 

Db. J. G. PISCHEB. 

[The specimen requested was sent to Dr. Fischer.] ■ ' '--i^'Oj;IC 
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Vienna, Feitmary 9, 1864. 

My DsAa Sib : Permit me to endoae here on invitatioa to join in a subscrip- 
tion for a gold honuratr medal to be presented to our most worthy ProfosBor Cb. 
Fr. Ph. von Martins, of Mtmicb, on hu fiftieth ajmiversory of medical doctorabip 
on the 30th of March, 1864. 

Our most honored tViends on the other side of the Atlantic should not fail iu 
the liHt; only I am sorry that by various impediments I was prevented from 
writing at an earlier period. It is now so late that only by very good luck it 
will be possible that an answer may arrive previously to the 15th of March, to 
be entered in the first list which must be printed, embellished, and then bound 
op, and sent to Munich from Vienna before the 30th of March. Whatever ia 
brought to notice later than the 30th will be appended, and what comes to hand 
after the 30th up to the end of Jane will be given in the first complementary 
report to be publifihed on the 1st of July. Nothing will be lost, as even what 
comes after that period will be publiBhed afterwarde. 

Every subscriDer, of course, will have a bronze copy of the medal, and the 
votary tablet sent to him. Subecriptione should be three florins Anstrian silver 
money, or more, which is about one and a h&lf dollar American silver. 

By this time you may already have received our last box with tertiary fossil 



tj'pes of several localities of the Vienna basin, being a joint parcel iiom the 
Imperial Minfiralo|peal Cabinet and onr own Oeologicol Institution. 

I am happy to hear yon have dow the Ainsa Tucson meteoric iron. I shall 
send Bome of these days a paper of mine on the Garleton Tucson, which ap- 
peared in the Vienna Academy Proceedings. I enclose impression from the 
snrfoce, cut, polished, and etched, and galvanograpbed positively and negatively. 
We shall bo nappy, aa soon as you nkay fix on cntting some slices off the blot^, 
Ui receive a bit mim yon for our Imperial Miaemlogical Mnseom of the Ainss 
TocBon too. 

With all the moat cordial wishes, ever most truly yonre, 

W. HAIDINGEB. 
Professor Josbfh Henry, 

i^tcretary to the SmitAtonian LutittUion, Wat&ingttM. 



Office Hudson's Bay Company, 

Montreal, Ftbrvary 26, 1864. 

My Dear Sib ; Absence &om bome and subsequent indisposition have pre- 
vented my acknowledging receipt of yonr letter of 19th ultimo at an earlier d^te. 

The settlement yon have made of Mr. Kennicott's account is quite satisfac- 
tory. There was a small deficiency in consequence of a change in the rate of 
exchange when yonr draft reached me ) but that matter can be arranged when 
we receive Mr. Mactavish's final statement of Mr. Kirkby's account. 

The kind expressions of thanks contained in your letter are very gratifying. 
We have always felt pleasure in promoting scientific research; but, in Mr. 
Eennicott's case, this was enhanced Dy bis amiable character and prudence. It 
is no easy part to play, going as a stranger into a territory inhabited by men 
bound to a foreign government, and with exclusive views on many points. But 
Mr. Kennicott knew how to meet the circumetancea ; and From his arrival among 
DB until his departure was alwavs popular, and I believe inspired a sincere 
friendship and esteem among those with whom he most associated. If in 
Washington, pray ofier him my kind regards. 

Hoping some day to have the honor and pleasure of forming your personal 
■cquomtance, believe me, sir, very truly yours, 

EDW. M. HOPKINS. 

Joseph Hbbry, Esq., ( 'onolt^ 

StntfAtMUDi iuliMioM, WatJoHgUm, O. 0. '"' " '^ "- *-'g "- 
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Tbe object of titifl appendix is to illnstmte iLe operations of tbe Institntion 
hj reporta of lectures and extracts from mrreiipondcnce, ae well as to fiirniflfa 
information of a character eutted eepeciall; to the meteorological obBervcrs and 
other persons interested in the promotion of knowledge, 



ioy Google 



LECTURES. 

BRIEFABSTRACT 

THE PRINCIPLES OF LINGUISTIC SCIENCE, 



THE BHITH80NIAS mSTITUTlON m UABCH, 1864. 



BY WILI UM D. wniTHEY, PBOPESSOR OF BANSKRIT IK YALE COUXOE, NEW HATEX. 



The Bcientifc study of language is of modem date. Only its scanty and im- 
perfect germs are to bo found in ancient times. It lacked that wide and com- 
prehensive basis of observed and collected facte on which alone snch a science 
can be founded. The active and searching curiosity of the past century, with 
the facilities for investigation gireu by trade, travel, and philanthropic effort, 
could not bnt call it into being. No single circumstance has so powerfully aided 
ite development as the introduction of Sanskrit to the knowledge of Europe. 
This, the most ancient and primitive of Indo-European tongues, laid the sure 
fonndation of the comparative philology of the Indo-European family, out of 
which has grown the general science of langaa^. 

The objects of this science are twofold : To discover the aatnre and historv 
of language itself, and to elicit information respecting human history. Both 
axe invested with a very high degree of importance. The value of language 
to man, and the absorbing interest of inquiry into its character, are palpable, 
and attested by the labors and speculations of goaerations of scholars and 
thinkers. It has also quite recently been found that language is the principal 
means of ethnological iDvestigatiou, of tracing out the deeds and fates of men 
during the prehistoric ages. Not only does it determine the fact and the de- 
gree of relationship among nations, but it gives information which can be ob- 
tuned in no other way respecting their moral and intellectual character, and tbe 
growth of their civilization. Linguistic science, as a branch of the study of 
human htstory, embraces the w&ole race at eveiy period of its history. All 
spoken or recorded speech is its material. The dialects of the lowliest as well 
88 the most highly endowed races are its care. It would fain hold up and stndy 
every single fact in the light of every other related fact, since only thus can &a 
be fully understood. 

To survey in detail, in these lectures, the whole field of lingniatic science will 
be, of course, impracticable. We cau only, attempt to lay down and illustrate 
its fundamental principles, to gain some insight into its methods, to determine 
tbe nature and force of linguistic evidence, to see how this is elicited horn the 
material containing it, to note its hearing on hif<toricaI and ethnological study, 
and 1« review briefly the pnucipal resnlts hitherto obtuned by its means 
The method followed will he tbe analytic, establishing principles from facts 
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add bis own tecbaical lasguage, containing mncb wbicb most Englieh speakers 
know DotbiDg of. No Fmnll portion of the one liundrpd ihonsand words ia made 
up of encb special vocabularice. The gcncrnlly educated man Icame mucb of 
many of tbem, but no one Icarna tbcm nil. Kvery one may find, on every page 
of our great dictionaries, words wbicb be knows not bow to deal witb. Tbere 
arc Taiioiia eijles of csprosaion for llic wimc thiug wbicb ore not at every one's 
comina.ml. Even tbe meanings attributed lo the fame words by different speakers 
arc diffcrCDt. The voluptuary, tbe pai^sionate, the pbilosopliic, and the senti- 
mental, for example, mean very different tbings by " love" and " hate." It is 
DO paradox to maintain ibat, while wo all speak Englisb, no two among us speak 
precisely the eame language, the same in extent, form, or meaning. 

What, then, is the Kngtisb language t It is the aggregate of the articulated 
signs for thought current among ibc Kngliab people ; or, it is tbeir average, that 
part wbicb is supported by the usage of the majority — a majority counting not 
by numbers only,,but by culture. It includes varieties of every kind ; but it 
bas unity, from the fact that all who speak it may, to a considerable extent, and 
OD matters of tbe most general intereet, talk so as to understand one another. 
It is kept in existence by uninterrupted tradition, in which each individual takes 
a part, handing down bis portion of it, with his limitations and peculiarities- 
books, a kind of undying individual, greatly assisting in the process. But oil 
traditional transmission is inherently and ncccBsanly defective, and that of 
language forma no exception. If Knglieb were a certain fixed body of words, 
learned complete by every one, and kept intact, it might more caaily be preserved 
^m ollcr^ioQ. As tbe caac stands, it docs not remain the same from genera- 
tion to generation. 

Its most noticeable mode of alteration is that which is ever going on in its vo- 
cabulary, CBpecially its technical vocabularies. New processes and prodncts, 
new views and optniona, new knowledge of every kino, must find their fit eX" 
pression. No weil-intbrmed man can write a chapter now upon what every out 
is thinking and talking of wbicb would be intelligible to tbe well-informed man 
of a century ago. There are also changes affecting rather tbe form than tbe 
content of language, of slow progrepf, and in their inception, in great part, ina£- 
cnracics of speech, opposed by tbe conservative forces, yet as inevitable in the 
end as the others. They show tbe influence of tbe great numerical majority 
who do not speak with correctness, but wboBC en^irs finally become tbe norm 
of the language. Thus, we had formerly a special preterit form tpake, and good 
speakers would as soon have said "he come and done it" as "he spoke tome." 
Now only ipole is in common use. Tliice centuries ago we bad only Ait as 
possessive of both /,e and il, but popular usage struck out a new possessive, 
it*, for the latter. You we employ not only as object, according to its ancient 
nstige, but as subject, instead of yc, &e., &c- The influences which brought 
about such changes arc still to be seen in full operation about us, especially 
among children and uniiistructed persons, to whom tbe communication of the 
language ia imperfectly or incorrectly made. A child substitutes an easy for 
a hard sound in pronouncing, drops out a syllable or two from a half-under- 
Btood word. Bays"! brinfjed" or "I brang" for /ir^n/j^Af, eaya "mans"and 
"mouses," saya "gooder" and "goodcst," and the like. Its own and others' 
care corrects these errore; but if the care bo wanting, the error remains ; and 
there are ever iu existence, among the lower strata of language- users, hosts of 
th^ deviations from corj'cct usage, always threatening, and sometimes suc- 
ceeding in making their way to the surface, and securing recognition and gen- 
eral adoption. The conservative forces arrayed against them, aided by school 
instruction and reading, are now so powerful among us that the language 
changes but very slowly in this way, yet the examples given are truly typical, 
and Ulnstratc A force always in action. That, in these and other methods. Ion- 
goMft actually undergoes notable cbangs is palpably tnia. Go back only to 
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our Bible tranelatioo, to Bhokspeare, ood much is found vbicb is no longer good 
I^uglisli. Go back five huadrcd yt;ars. toCliaacei', and our own tongne ia only 
ji. rtiully intelligible to ue. Anolber five hundred years carries us to the Anglo- 
busoa of King Alfred, a totaJty ^irangc form of speech, aa much so as the 
niudern German; and yet each one of the thirty or forty generations between 
Hi and Alfred was as singly intent on.traosmittingtoitsEUCceBEDi; the language 
it received from its predt-ccssor as ia our own. 

These facta und conditions are of universal occurrence in linguistic history. 
All language i& banded down in the manner described, and is subject to the 
same distnrbing forces. The proccea of transmission always bos been, and al- 
ivays will be, imperfect. No tongue reroaina the same during a long period of 
time. This is the fundamental fact on which rests the whole method of liif- 
guistic investigation J 

We see now what ia meant when language is spoken of aa having an inde- 
pendent existence, as being organic, or an orgauiem, as gcovfng or developing, 
and so on. These are only figurative modca of epeecb. Language has no ex- 
i^ti'nce, save in the minds and mouths of those who employ it. It is an a^^re- 
giite of signs of tiiought, deriving their significance from the intelligent agree- 
ment of speakers and hearers. It is in their power, and subject to their will. 
As they muntain it in existence, so their consenting action modifies and alters 
it. It cannot be changed hastily or capriciously, because it depends upon gen- 
eral consent, which can be won only for sucli modifications and extensions aa 
ai'c in accordance with its already established rules. Individuals are constantly 
trying experiments of alteration upon it, with childish errors of expression, with 
bad grammar, with slang, with artificial turns of phrase, and arbitrarily coined 
words. But these are, for the most part, only laughed at as blunders, or pnt 
down oa mannerisms and vulgariams. Individual authority, except in special 
cases, is too weak to force itself upon public opinion. The speakers of lan- 
guage constitute a republic, in which authority is conferred only by universal 
suffrage, and for due cause. High political rank does not give power over 
speech. The grammatical blunders of an emperor do not become the rule to 
his subjects. But individuals are allowed to introduce novelties and changes 
into the general speech ; thus, for instance, to. name their own inventions or 
discoveries, if they do it discreetly and auitably ; and great masters of the art of 
speech, poets, orators, arc permitted to touch even the more intimate and sacred 
parts of language. Is it called fori ia it in accordance with the usages and 
analogies of the language 1 is it offered or aupported by good authority 1— 
such are the considerations by which, in any given case, general consent is 
won or repelled, and this decides whether the proposed change shall be re- 
jected, or shall become part and parcel of the universal speech. 

As, then, an organic being grov's by the gradual accretion of bomogeneons 
organic matter, as its existing parts and processes form the new addition, in order 
to belp the life and functional action of the being, so langnage extends by the 
addition of material accordant with its substance, evolved by its formative 
m( thods, and intended to secure tbe end of its existence, the expression of the 
tli oughts of those who speak and write it. It thus presents striking and in- 
structive analogies with organic life ; but to call it an organism outright, as some 
do, and to claim that its growth is independent of human agency, and that its 
pludy is, therefore, to be ranked among the physical sciences, is palpably and 
striously to misinterpret it. Language ia an institution, constantly undergoing, 
ai the hands of those wbo use it, adaptation to their varying circumstances and 
til :>ds. Between all determining causes and their results in its development- 
»- mds, as middle term, the human mind, seeking and choosing expression for 
'. maa thought. Its every partis a historical product. Its study is a historical 
Kamca. ft bnutch of tbe etndy of the hnmau race, and of bnnum instita^np. 



PBINCIFLE8 OP LINGUISTrC SCIENCE. 9fl 

As every conetitnent lt«ra of language ie the product of a seriea of changes, 
working themselves out in histoir, the mcttiod of linguistic inveatigation must 
be historical. To understand the Btnicture and cliaiactcr of upecch, and to 
penetrate to its origin, we mast follow backward the modifying processes to 
which it has beea suDJected, endeavoring to understand the inflaencca which have 
produced and governed them. This can bo done to but small extent by means 
of contemporary records. We must call to oar aid the art of etymological 
snalysis. On etymology, the tracing out of the history of individual words, is 
founded the whole science of language. To illustrate the methods of etymolo- 
gizing, and to bring to light some of it."? results, by simple and characteristic 
examples, is the object of this second lecture. 

Let us look first at evidence showing the composite nature of words. Wo 
arc all the time patting together two words to form a compound; ox. fear- 
intpiriMg, god-like, liouse-toji, and so on. Bat the extent to which language is 
the result of such composition is apparent only on deeper study. Fearful is 
as clear a compound, on reflection, as feaT-inspiring ; yet ful is, to onr appre- 
hension, a kind of suffix, forming a large class of adjectives from notins, like 
the snffix out, (in peril-oug. riot-ous, ^c.;) and its independent origin and 
meaning are but dimly present to the mind of one who uses the adjectives. 
FeaHeu and il* like are not less evident compounds ; but the /cm here is not 
our word leu, but the altered form of an older word, meaning " loose, free." 
Again : ly. in godiy, brotherly, &;c., is of yet obscurer origin, and we deem it 
merely a auSx ; but a study of the other forms of our language, or a compari- 
son of kindred Germanic dialects now spoken, «hows it to be descended from 
the adjective /ti&f, which has been used in all the languages of onr family as 
an adjective- forming suffix ; we alone have givcu it the further and now re- 
motely derived office of adverbial suffix, employable at will to convert any 
adjective into an adverb. The d of sueli words as I heed, I hated, is proved 
by the form it wears in the oldest Germanic tongues to be a relic of the past 
tense did : I loved is originally 1 loee did. Suck and whieJt were once to-like 
and vho-like, and so on. The same is the case in the Latin part of nor lan- 
goage, and even in its oldest and most essential constituents. The hie or pie 
of dintdle, triple, and so on, is the root plie, meaning " bend, fold ;" triple is 
the precise etymological equivalent of threefold. The two letters of am, which 
seems as simple a word as aught can be, arc relics of two elements : one, the 
root at, meaning "he;" the other, the pronoun mi, meaning "me, I;" am 
stands for at-mi, "be-I." "The third person, it, has lost the whole of a second 
element, ti, which it once possessed, and of which at least the t is left in nearly 
alt the kindred languages ; compare German itt, Latin egl, Greek etli, Sanscrit 
atti, &c. 

With few exceptions, all the words of our language admit of such analysis, 
which discovers in them at least two elements : one radical, containing the 
fondameutal idea; the other formal, indicating its restriction, application, or 
relation. This is, in fact, the normal constitution of a word ; it contains a root 
and a suffix or prefix, or both, or more than one of both. Thus, inapplicabili- 
ties contains two prefixes and three suffixes, all clustered about the root plic, 
" bead ;" and it is, as it were, the fusion and integration of the phrase " nume 
rons conditions of not being able to bend or fit to something." 

Onr examples show that word-analysis is, at least in part, only the retracing 
of a previous synthesis. Wc are as sure of the actuality of the process of com- 
bination by which these words wAre formed as if it bad all gone on under our 
oWD eyes. There would have been no such suffixes as fd, lett, ly. Sec., if 
there had not been before in the language the independent woidsyv//, loote, 
like, &c. No small part of the formative elements of onr langnagc can thus 
be proved descended from independent words ; if a considerable part do not 
admit like proof, we are not authorized to suppose that their history is different 
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from that of tbo others, but only that we have not at comnuTid the evideiiM 
which would explain it. 

The eame examplea show not less clearly that alteration, coTruplion, and 
mutilation of the products of combination is a rule of the life of language. 
The reason of this corruption lies in great measure in the fact that, having 
onCR struck out a compound, wc arc not Bolicitous to keep up the memory of 
its descent. We accept the word coined as a conventional sign for the idea 
which it conveys, and give our attention mainly to that. Hence ease and con- 
venience in the use of thu word arc consulted ; a long vocable is contracted ; a 
hard combination of consonants is mouthed over into more utterable shape; 
subordinate elements arc defaced into conformity with the inferiority of their 
couBcqueuee. So the sailor says hoa'n for boaUwa'm, to'geU'nU'U for topgai- 
lanUaiU, Sec. This is a part of ihc wise economy of speech, a sign and means 
of the integration of words, contributing to couciseneas and vigor of expression. 
But it is also a blind tendency, and its elTcct is in part dcstruL-tive. It leads 
to waste as well as economy; case and convenience being consulted by the 
sacrifice of what is valuable as well as the rejection of what is unnecessary — 
if, indeed, it can truly be said that a people not undergoing degradation of 
character ever sacrifices anything of its language which is really valuable with- 
out providing an equivalent. A language may thus, at any rate, become greatly 
altered, giving up much which in other tongues is retained and valued. Our 
own English offers one of the extrcmest examples known of the prevalence of 
these wearing-out tendencies. ■ 

Thus, for instance, the primitive language from which our own la descended 
had « full set of terminations for the three persons plural of the verb, viz: Tnati, 
last, nti — e. g., lagamati, lagalaii, laganfi, " wo lie, ye lie, they lie," In 
Latin tbcy appear shorn of their linal vowel, as mtu, tU, nt. In Gothic, the 
oldest GermaULC language, tbcy arc reduced to their initial consonants only, 
m, ih, nd — thus, ligam, Ugiih, ligand. They are still, in this form, pretty 
distinctive, and suflicicnt fur their purpose. But the prevailing custom of ex- 
pressing the pronouns along wiih the verb lessened their necessity, and in 
Anglo-Kaxoii tboy are all reduced to a single Ibrm, ath in the present, on in 
the imperfect. We, finally, have cut them off entirely, and say tee lie, t/e be, 
they lit, witliout any endings designating the person. 

In the declension of nouns we have effected a revolution not less thorough. 
Our ancient mother-tongue declined every noun substantive in three numbers, 
with eight cases in each, nnd every adjective in three genders besides. With 
ns all adjective declenF'ion has dii<apiH'areil, and of substantive declension we 
have saved only a genitive and a plural ending, both ». In a few plurals, as 
men, micr, ttclh, we have seized upon a distinclion at first euphonic and acci- 
dental only, and have made it significant. So also in the conjugation of our 
" irregular" verbs, as sing, sang, mng j the change of vowel was nt first merely 
euphonic, then became, as in most German dialects it still continues, auxiliary 
to the sense, and finally, with us, it is in many cases the ouly means of dis- 
tinction of prci^ent, preteriie, and participle. 

In one remarkable ca?c, the wearing-out processes have led to the total 
abandonment of a conspicuous department of grammatical structure. A dis- 
tinction of gender in nouns, as masculine, feminine, or neuter, marked by dif- 
ferences of termination and declension, has ever prevailed in the family of lan- 
gnages to which ours belongs. Even in the Anglo-Saxon, nouns were still 
masculine, feminine, or neuier, not according to their natural character, but in 
conformity witJi the ancient tradition, on fanciful grounds of difference, which 
we find it excessively difficult to trace out and recognize. But in the exten- 
Bive decay and ruin of grammatical forms attendiug the elaboration of modem 
English from Anglo-Saxon and Norman French, this whol« BchesM of utificiKl 
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distinctionB bos disappeared, leaving almost do trace bebtnd. Natural gender 
has rcplacc^d grammatical, and the pronominal forms he, >he, it, hit, him, her, tt^ 
are our only means for its indication. 

These two processes — the produclion of new forms by the combination of 
old materials, and the wearing down and wearinf- out of the foims eo produced. 
are the piincipal means by which the cstcrnal life and growth of language aro 
kept up, by whose operation spoken tongues are constantly becoming other 
than tbey were. But they arc only auxiliary to a not less striking growth in 
the interior content of speech, in the meaning of words. It is as important a 
part of the historical study of a word to trace out its changes of significatioa 
as its changes of form ; and the former are even richer in curious and unex- 
pected developments, are fuller of instruction, than the latter. The internal 
content of language is plastic to the touch of the' inspiring mind. But for 
ibi^, no variability of form or facility of combination could make it aught but a 
Bliff dead structure, incapable of supplying for any time the needs ot a think- 
ing, feeling, observing, and reasoning community. Old words arc applied to 
new uses ; tbc gcncrul ia individualiKed, the individual generalized ; the con- 
cn^tc becomes the abstract ; u pregnant cxpix'ssion, a startling metaphor, is 
reduced to the level of an ordinary phrase ; delicate shades of meaning are dis- 
tiuguiahed by the gradual diETercntiution of synonymous words, and so on. 

The rate at which these processes of change go on is very various. It de- 
pends, in part, upon subtle and recondite causci^, as upon the individtml char- 
acter of different languages and the qualities of the peuples who epeak them^ 
qualities, perhaps, wTiieb exhibit themselves only in this wny, and hardly ad- 
mit of analysis and recognition tleewhere. In part, it depends also upon ci- 
terual circumstances, upon change of snrrouudiags and mode of life, of mental 
and physical activity. An English family, wrecked on a coral island in the 
eouth seas, would soon find a. great part of its vocabulary uscIcbb, and in a 
very few generationa its language would have become vastly impoverished. 
A tribe from, sudi an ii<laud, again, if suddenly transfci-red to tbc midst of 
northern variety of clime, product, and occupation, would have to expand 
r^idly its store of speech to keep pace witli the growing wealth of its expe- 
riences. As regards grammatical change, all that assists the purity of linguistic 
tradition tends to keep language the same ; so, especially, culture, literature, 
the habit of instruction. Careful and pervading education reduces to a mini- 
mum that immense and most important class of changes which begins in popu- 
lar inaccuracies. On the other hand, the iutermixturc of races of divcrso 
speech, Tcadcring necessary the elaboration, by mutual compromise, of a De7 
dialect for common use, tends powerfully to the dit^organization of grammatical 
etracture. It is such a course which bos made of our Knglish the language 
which, above all others, has yielded up most of the grammatical fabric which 
was its birthright and inheritance. 



The processes of alteration illustrated in the last lecture are familiorlv spoken 
of OS going on in language itself, like fermentation in bread, or dcplacement 
and replacement in auimal tissues. But it must not be forgotten that every 
separate item of change is the work of an individual or individuals. In lan- 
guage, the ultimate Atoms at work arc not dead matter, but intelligent beings, 
acting for a purpose. Each, indeed, acts unprcmcditntedly, and fur the most 

Krt unconsciously ; each only wants to ns(^the conynon possession for his own 
nefit, at his own convenience ; yet each is also an actor in the great work of 
preserving and of shaping the general speech. Now, the infinite diversity of 
circumstances and of characters in the speakers of language tends toward infi- 
nite diversity in their action and its results ; each would, acting independently, 
impreBB upon its progress a somewhat different conrBe. Lisgnuitic develop- 
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meiit is thus tbe product of an iulinity of divergcut or ccntrifbgal forces. The 
gruut centripetal t'orco whicli Itolda tliom in cLtck, iind combiocs them iQto a 
single direction, is the uccosttity of coinmuiii cation. Hnn iii nu soliloquist, and 
tliut would not be Inngungo which was undenitood nud employed by one only. 
£acb person is, in liis own wny, engaged in modifying language, but no one's 
action shapes the general speech niiless it be accepted by tbe rest and become 
common usage. Each community must speak alike ; whatever changes their 
tongue may undergo must be ratified and adopted by them all. 

Communication being thus tbe force which producea uniformity of speech, it 
is clear that whatever narrows commnnitation and teudii to isolate communities 
favors separation of a language into dialects ; whatever extends communication 
and expands the limits of communities, tends to preserve langnagc homoge- 
neous. When a race is conlined within narrow boundaries, however rapidly 
its tongue may undergo the inevitable processes of change, all will learn from 
each and each from all, and they will continue to understand one another. But 
if the race grow rapidly in numbers, spreading over region alter region, and 
sending out distant colonies, only favoring circumstancua and conditions can 
preserve its unity of speech. In a low state of civilizaliou a maintenoDce of 
the bonds of community over a wide urea is impracticable ; the tendency is to 
clannish feeling, to separation into tribes; and multiplicity of dialects is the 
natural consequence. Culture and enlightenment give a wonderful cohesive 
force; political unity, national feeling, community of traditions and faith, make 
strongly in favor of linguistic unity also; a traditional literature helps yet more 
powerfully to the same result j but, most of all, a written literature, and a sys- 
tem of popular instruction. The same causes which restrict the variation of 
language in time, from generation to generation, restrict it also in space, from 
region to region. Bloreover, as community occasions and proservee identity of 
speech, ao it also has power to bring identity out of dissimilarity. The fusiou 
of cnnuannities cau:ies tbe Jiision of tbeir foi-ms of speech ; the multiplication 
and strengthenuig of the ties which bind togt-tber tbe sections of a people makea 
for the effacemcnt of difl'erences already existing, the assimilation of dialects, and 
tbe production of homogeneous languiige. 

Both classes of influences — thoso which lead to diversity and those which 
produce assimilation — are always at work, and a considcraiiou of their joint 
and mutual action is necessary to tbe explanation of the history of any lan- 
guage, or family of languages ; but the former are more fundumeniai and in- 
separable from linguistic growth ; the latter are more external and incidental, 
more varying in their mode and scale of operation. Language everywhere 
tends to diversity, but circumstances conncctea with its use check, control, and 
even reverse tho tendency. Tbe division of a formerly homogeneous language 
into dialects has been the rule in buman history ; the extinction of dialectic 
differences, wbctber by tlie extinction or fusion with others of the peoples em- 
ploying them, or by extension of the sway of single dialects, has been the ex- 
ception, connected with the great facts of history, as the spread of empir« and 
civilization under the auspices of certain races. Misled by a loo cxclusivo at- 
tention to facts of tbe latter class, one or two modern authors of high rank have 
been guilty of the paradox of holding ibat infinite dialectic division is tbe 
normal primitive state of language, which tends to coalescence aud assimilation. 
A great«r-and more pernicious error could hardly be maintained. 

The principles here laid down teacb as bow we are to proceed in classifying 
and arranging the infinity (jf tongues now prevailing on tbe earth. Many of 
them, at least, are tbe divergent branches of more original stocks. Languages 
are to be grouped by their tuSinities : wo are to rank together first those which 
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are of closest and most evident relation ship, and gradnolly to extend our schems 
till we have done all wbich the nature of the case permits j till tlie evidence ou 
trbich we found our clnssilication foils us. 

That the slightly distiuguished forms of speech prevailing in the different 
sections of our own countiy, and even the more notable, dialucts which are to 
be found amung the lower orders of population in the British ieles, constitute 
tr^cther a single language, is too evident to call for proof. Let the man most 
ignorant of history go about tho world, from British colony to colony, finding 
here and there, on coast and island, in fortrtss andciiy, communities of Engli:h- 
epeaking people, and he will not think of doubting that tliey were all scattered 
thither from a common centre, and have their common language by community 
of linguistic tradition. A like conclusion is almost equally [lalpable when wo 
seek after kindred for our language on the continent of Kurope. There h ii 
large class of evidently related dialects, occupying the Kelherlatids, Ccnnany, 
Denmark, the Scandinavian peninsula; and Iceland, which a very little stutly 
shows us to bo akin with the more important half of our own tongue, lh:i[ 
which comes to us from tbc Anglo-Saxon. There is another large class in 
southern Europe, comprising the French, Spanish, Portuguese, Italian, Eba;io- 
Bomanic, and Wi!llachian_, wbich exhibit an equallyclear connexion with the 
noQ-Saxon part of our familiar speech- If wo say true, while the Dutcbmun 
says irouto, the German treu, the Swede and Dane tro, &c., it is because wa 
have all received the same word iu the same sense by uninterrupted tradition 
from qomc community which used a form coincident with one of these, or nearly 
resembling them all. So, also, if wo say verity, while the Frenchman says 
rerite, the Italian verita, the Spaniard verdad, &c. Kecorded history, in fact, 
liilly explains tbc descent of this latter class of languages from a single mother, 
the Latin, as it also makes clear why our English is composed of mtileri^ils 
derived from both classes. What recorded history does not explain is the 
more recondite, but not less undeniable evidence of relationship wbicli we dis- 
cover between these two classes themselves, as well as between them both and 
most of the other languages of Europe, together with some of those of Asia. 
These are, namely, the Greek, ancient and modern ; the Slavonic, occupying 
Bussta, Poland, Bohemia, Servia, and other provinces in tho eastern part of 
Austria and the northern of Turkey j tho Litbuanic, around the southern shore 
of the Baltic ; the Ceiiic, of which the scanty remains are now found in Ireland, 
the Scotch highlands, Wales, and Brittany-, and, outside of Europe, the tongues 
of Iran, nfl the Persian, with its ancient and modem congeners, and its rcmoler 
kindre^l, Kurdish, Armenian, Afghan, and Ossetic; and, finally, the languages 
of India, the SauBcrit and its descendants. 

These various bi-anches go together to make , up the great family of related 
languages wbich we call the Indo-Enropean. Their relation to one another is 
the same in kind with that of the various Germanic dialects, or the Romanic, 
and differs only in degree. The resemblances and coincidences which tiey 
exhibit are explainable only upou the hypothesis of a common linguistic tradi- 
tion ; their differences are fiUIy accounted for by their divergent growth and 
development during the ages which have passed since their separation. A few 
selected specimens of their accordance will be enough to give here, as their 
relation ia now a matter of general knowledge, and few or none are found to 
doubt or deny it. Examples of words corresponding iu all or nearly all the 
branches are as follows (the equivalent wor^ in two or three unconnected 
langaages are also added for the sake of more full v exbibitmg the valae of tlie 
eoincidences) : 
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Two. 


ThiH. 


»™. 


T,^ 


Me. 


Malhu. 


b™*.. 


DaaghtK. 


, 


Twa. 
DiiO. 
Kit*. 
Ilhn. 


Tri. 

Tri! 
Thalith. 


BlhDD. 

IJf pi*. ' 
Hniilik, 

Sob'. 


Tho. 
Tn. 

Tfioi. 

AnU. 
Stn. 


Ani. 

Si. 


MDOtU. 

HoWr. 
Mathair. 

Malif! 
L'min. 
Anja. 


Bnlluir. 

Brolly 

BraUialr. 
Phrato'r. 










s«;s:- 










Thnpuir. 






Dhmtar. 




Arabic 








HiUEUiu 


Flfer. 


I.O-.J. 



But, to tho historical student of Innguage, corrL'Spondcnces of grammatical 
etructure are more unequivocal signs of near relationship than corresponUencca 
of words, being losa exposed to impntatlon of accidental origin. Aa etriking 
and convincing an oiainple of thla kind of evidence, pcihapE, as any other is 
furnished in the inflection of the verbal tensca, aa fotlowa : 





IktTK 


TbOUhMll. 


naha,.. 


Wehavt. 


r> ban. 


TteyhaTa. 




naba. 
-ml 

-ml 


-Id. 


nabal-th. 
-IL 

llabf-L 


»-~l^ 


aabaMb. 
Hab^tu: 


n ba-od. 
















Hab(-i. 














-"■ 









These are specimens, taken from among a host of others which crowd everj 
part of the grammar and voctthulary of tho languages in question, and their 
convincing weight it is impossible to deny. It is certain that at some timo in 
the past, and in some limited region of Asia or Europe, there lived n tribe from 
whoso rude speech have descended all those rich and cultivated tongues now- 
spoken and written by so many great nations of both the eastern and western 
continents ; but to know just where and wLeu is beyond our power. The claim 
often set up that the home of the family was in tho northeaetern part of the 
Iranian plateau, not far from the mountains of the Uindu-Koli, rests upon no 
8u£Scient grounds. The traditions of no race reach back far enough to be 
authoritative upon such a point. Nor is the testimony derivable from language, 
more conclusive. And to define, even with distant approach to confidence, the' 
timo which the tongues of ihc family must have occupied in running their 
Gareei*of development is wholly impracticable. That the time of Indo-Euro- 
pean unity must have been thousands of years before Christ is veiy certain. 
Itecent discoveries an: proving that man's antiquity is much greater than has 
hitherto been usually supposed. Itcspccting the origin of particular races our 
knowledge is likely ever to continue exceedingly indefinite. As to ihc grade 
of civilization and mode of life, however, of the Indo-European family bi.-fore 
its dispersion, their language gives us reliable, though incomplete, information. 
Woi'ds which are fouud in the s]>ecch of all the separated branches must have 
appertained to the mother tongue, and must imply the knowledge or possession, 
in that primitive period, of what they indicate. By such means we learn that 
tliQ tribe was not nomadic, and that it addicted itself to agriculture and tho 
raising of cattle. It reared our thief domestic animals. The region it inhabited 
was varied, and not near tho ocean; its most marked season was winter. 
Barley, and perhaps nheat also, was raised for food. Certain metals were 
worked, perhaps iron among them. Weaving was j>racticed. The arms of 
offence and defence were those usual among primitiv^>eopleB— the bow> sword. 
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spear, and ebield. Boats were bnilt and managed by oors. Tbe political organi- 
zation was probably tbat of prtty tribes. The relations of the family were well 
and distinctly eslablishrd. Some of the elare were noticed and nan:ed ; tbo 
moon was the chief measurer of time. Tbe religion was polytheistic — a worship 
of the personified powers of nature, and its ritca were practiced without a 
priesthood. 



Tbe present lecture is to bo devoted to the further consideration of the Indo- 
Euiopean family, to a brief expoBilion of its importance, and of tbo special 
interest attaching to its language, and to some account of the history of the 
latter. 

One Eonrco of the eepecial intcrcBt which wo feel in Indo-European speech 
is found in tbe fact tbat our own language is one of its branches. Tbb would 
call for and justify n particular attention to it on our part, even did it lack 
claims to the same froiu men of other races. But it docs, in fact, possess such 
claims, and tbat parlly by reoBou of the bietorical importance of tbe pcopica 
whicL speak it, and, their superior gifts, which lend prominent value to inquiries 
into a matter which illustrates both. Since the first rise of the Persian empire, 
the various branches of this family have borne a leading part in the drama of 
universal history. Greece, however, tbe bitter foe and final conqueror of Persia, 
was tbe chief founder of Indo-European greatness, and the most brilliant ex- 
ample of Indo-European genius; in art and literature what the Hebrew raco 
bos been in religion, and exerting an influence as unlimited in space and in 
lime. Rome next, inheriting tbe fruits of Greek culinre, goincd the empire of 
tbe world, and impressed upon all nations a political and social unity. Chris- 
tianity itself, rejected by the Semitic race among whom it appeared, was lukcu 
up by I ndo- Europeans, and added a new bond of unily, a religious oue, to the 
ties by which Komo bound the world together. Tbe Germans were mainly 
instrumental in overthrowina; thcpower of Itome; tbcy gavcmonorcbs to nearly 
every throuo in Europe, anu infused new blood into ibe effete p o^i illations ; but 
their devastations ushered in a period of darkness, during \i'ljicli it scemi'd for 
a time as if tbe Bcmitci', inspired with the fury of a new religion, (.Moham- 
medanism,) were to succeed to the eunpirc of humanity. Wiib their rcpul.se and 
downfall begau tbe lost and mo^t glorious era of Indo-European supremacy, in 
the midst of which we livo; when tbe races of that family arc the undisputed 
leaders, the acknowledged guardians and propagators of civilization. The 
establishment of tlio unity of this family, and the light thrown from language 
upon its bistoiy, constitute the most brilliant achievement of tbe new science 
of language, which began with its recognition, and has developed along with 
its investigation. Indo-European language furnished sucb a grand body of 
related facts as tbo science needed for its sure foundation. Its dialects have a 
range, in period ond variety of development, to which those of no other family 
approach ; they illustrate the processes of linguistic growth upon an unrivalled 
Male. The records of Chinese literature go back, perhaps, to an antiquity aa 
great, or greater; but the Chinese language is almost without a history. Tlicro 
are Egyptian wricien documents which arc older than anything else the world 
has to show, but they are scanty and obscure, and the Egyptian tongue also 
stands comparatively isolated. The Semitic languages come ncarcat to offering 
a parallel ; Imt they, too, fall far short of it. While thcjr age is nearly the same, 
their variety is greatly inferior; they are a gi-oup of closely related dialects, not 
presenting greater differences than some single branches of tbe Indo-European 
family, as, for instance, the Germanic. And tbe other divisions of the human 
race hardly cover, to any notable extent, time as well as space with their known 
dialecta ; they offer us otily their eltanl forma of speech. Now, much may be 
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done, even with the aid of contemporary related dialects only, toward pene- 
trating their common history, because one will be found to have preserved one 
part, anotliLT aiiotber, of their ancestral tongues ; but conclusions 80 reached 
will be inferior both in copiousness and in certainty to those which are derived 
from a comparative study of older and younger dialects, which illustrate the 
laws of change in their progress, and trace, as it were, currents and courses of 
development whose direction we can follow 'backward witli coofiileuce. This 
advantage we enjoy, to the highest known degree, in the Indo-European lan- 
guages. In the Germanic bnmch we have several different lines of Itngoistic 
descent, extending through a period of 1,500 years ; the English going back to 
the Anglo-Saxon of the seventh century; the German nearly or quite as far; 
the Scandinavian to a somewhat less remote period; while the venerable Gothic 
of the fourth century (oldest of all) helps no^bly to bridge over the interval to 
the primitive language of the family. Celtic literature is mnch less rich, and 
also IcBg ancient, carrying us up to or beyond the tenth century. The oldeet 
of the numerous Slavonic dialects, the ancient Bulgarian, has monuments a 
thousand years old. The Lithuanic ia of much more recent date, but in many 
of its forms more antique and primitive than any of the langnagei hitherto 
referred to. The Komanic languages, through their mother, the Latin, take 
us lip to a few centuries beyond the Christian era; the Greek to toward a 
thousand years before Christ. The varied series of Persian tongues cornea 
down from an antiquity nearly equalling the Greek; and the Sanscrit, the 
sacred language of ancient India, exceeding all the rest in age, and yet more ia 
its preservation of primitive material and forms, reaches in its oldest records an 
epoch lemoved nearly 4,000 years from our own day. 

In investigating this rich and varied body of kindred tongues, the new 
science of language elaborated its processes and deduced its general laWa, ap- 
plicable, with such modificatioUB as the separate cases rcqnirc, to other families 
also. The general method of study is everywhere the same, being conditioned 
by the nature of language itself, as a thing of historic growth, and by the 
capacity of related langnages to cast light upon each other's history. Historic 
analysis, by the aid of an extensive and careful comparison of kindred forms, is 
the grand means of research. From this its fundamental method, the science, 
in its growing stage, bore for some time the familiar name of "comparative 
philology," 'rhe comparison must be made in a scientific and orderly manner, 
proceeding from the nearer to the more remotely connected, fiom the clearer to 
the more obscure; but, finally, all language is brought within its sphere, and 
the full meaning of each linguistic fact ia read in the light of every other, 
diverse as well as correspondent. 

The history of Indo-European speech has been more carefully read, and is 
better understood, than that of any other grand division of human language— 
imperfect as is still our comprehension of much that concerns it, partly owing 
to the incomplete analysis of evidence still preserved, but partly also to the 
irreparable loss of evidence. Some of tho principal facts in that history are 
worthy of further attention. 

The chief processes in the growth of the languages of our family have been 
shown to be the combination of old material into new. words, with accompany- 
ing corruption and mutilation of phonetic form and independent meaning. 
These processes may go on in the future to an indefinite extent, with constant 
evolution from each form of speech of another slightly differing from, it, until 
the descendants of every existing dialect shall be so unlike their ancestors 
that their relationship shall bo scarcely discoverable. The question arises, • 
whether there has been the same indefinite progress in the past, without 
traceable sign of an bctual beginning. This inquiry is to be answered in the 
negative ; the evidence of language points distinctly back to an earlieet con- 
dition, or commencement of htaiory; our analysis brings us finol^ toelmentB 
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which we muxt regard as original. First, it must be claimed that onr analyses are 
real, and not imaginary ; they are the retracmg of the steps of a previous 
synthesis. Thi.-) is palpiLbty the caac with the latest of thorn, as in the case 
of truthfal (trath-fal) and godly (god-like) ; it is cijitally clear, too, as regards 
alt ihf: t'ormiitive apparatus which is peculiar to the Germanic languages, since 
this must have been elaborated by them from their own materials, since the 
separation of the Germanic branch from the rest of tie liimily. But there is 
no stopping in this scries of admissions. Every word-clumeut, separable by 
analvsis, of which the genesis can be shown, which can be carried back to a 
word having an independent status in the language, must have been appended 
as an independent vocable to the words with which it was first connected. 
And even more. Considering how easily the evidence of origin becomes oblit- 
erated by the processes of phonetic alteration, we may not deny a former iu- 
dependeuce to formative elements of which we cannot now trace the genesis. 
The partii into which etymological analysis separates our words arc, as a uni- 
versal rule, those by the actual putting together of which the words in ques- 
tion were once made up. In analyzing irrevocabilUy, for example, we take 
off affix after affix, leaving each time a word to which that affix had been 
added, till at last is left only the syllable voc, which conveys the idea of "call- 
ing," and which, though nowhere appearing in its naked form in actual use, 
we must believe to have existed before any one of the various affixes with 
which we find it in combination was appended to it. To such syllables, which 
we call roots, we everywhere arrive by pushing our analytical process to the 
utmost, and these we believe to be the germs out of which language has actu-. 
ally grown. In other words, the Indo-Kuropean languages begai^ with an 
original monosyllahic stage. From monosyllabic roots, by processes not differ- 
ing in nature from those which are still in operation, has been developed the 
marvellous and richly varied structure of our modem speech. This is a truth, 
the recognition of which has been reached, almost with unanimity, by students 
of language ; the objections which are urged against it by the few who refuse 
it their belief are founded in misapprehension and prejudice, and are of no 
avail. 

The Indo-European roots are of two classes : roots of position, demonstra- 
tive or pronominal roots, and roots of quality, predicative or verbal roots. The 
former I'orm chielly pronouns and prepositions ; the latter, verbs and nouns. 
Pronominal roots denote the relations of things to the speaker as regards place; 
their fandamental distinction is between the th'ia and the that, the nearer and 
the remoter object. They are of the simpleBt phonetic form, generally a sim- 
ple consonant with a following vowel, composing an open syllable, and they 
are but few in number. The verbal roots are more numerous, counting by 
hundreds, and they are of every variety of form, from a simple vowel to a 
Towel both preceded and followed by one or more consonants. Instances are : 
t and ^ij, denoting simple motion; a£, swift motion ; (fd, standing i i-u*, stay- 
ing; sad, sitting; pad, walking; vart, turning; pat, flying; ad, eating; pd, 
drinking; vid, seeing; vale, speaking; dd, giving; ^uriA, grasping; dik, 
pointing out; Mar, bearing; kar, making; bandit, binding; bhd, thining; 
bha, growing, &:c., &c. They represent each its own meaning in its naked- 
ness of all limitations or applications, in a state of indeterminatcness from 
which it is equally ready to take on the sembla&ce of verb, substantive, or 

The lirflt beginnings of polysyllabism were made by compounding together 
toots of the two classes. Thus, the addition to the root vdk, "speaking," of 
the pronominal elements mi, ti, ti, produced combinations to which usage as- 
tigned the meaning "I speak, thou speakest, he speaks," laying in them the 
same idea of predication which we put into the ambiguous word love, when we 
147 "I love." Other proaotninal elements, modified or combined ta^idrcss 
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duality and plurality, formed the other numbers of this simple verbal tense. 

The prcfiiiou of an augment, an adverbial prefix, pointing to a '• tlicu" or 
"lhcn;"as oue of the conditions of the action, gave a past tense ; reduplica- 
tion, symbolizing the completion of the action, produced a perfect. The future 
and the moods, subjunctive and optative, were chiefly formed by compusition 
with tho developed lorms of other roots, BiKnifying " to be" and " to desire," 
Espani^ions of the verbal Bchcmc, down to euch late tormatione as the Germanic 
preterit (I loec-d = / love-did J and the Romanic future {j'ahner-ai =j'ai d 
aimer, " I havo to love,") arc very numerous and various. The same I'oot of 
action or quality, by the addition of other affixes, in part of pronominal origin, 
in, part derived from other verbal roots, had its indefinitCDCSS limited to expres- 
sion of the person or thing possessing the quality or exerting or suffering the 
action, or of tho act or quality itself; and the forms so created Ixtcame the basis 
of still further modification and combination. Thua arose nouns, substantive 
and adjective ; for the two classes arc oiiginally and in idea but one. Things 
were named as the possessors of qualities or acts, not in ihe way of dcfinitioa 
or complete de^ription, but by seizing on some notable characteristic, and 
making it stand ns representative of the rest. Nouns were provided with case- 
terminations ; these varied the themes to wbic^they were appended, as to num* 
ber, whether singular, dual, or plural j as to gender, whether male, female, or 
neither of the two, (and this, as already noticed, upon an ideal scheme of claasi- 
6cation ;) and as to case, or kind of relation sustained to the action of the sen- 
tence, whether as subject, direct object, or indirect object, with implication of 
the relations which we express by the use of the prepositions lo, in, icit/i.Jrom, 
for, and of. Eight such cases were possessed by the primitive language ; the 
Anglo-Saxon retained five of them; we have saved but one of the oblique 
caaes, the genitive, (our "possessive.") Prepositions, adverbial prefixes to the 
verb, of mixed pronominaT and verbal origin, were from a very early time im- 
portant aids in directing and limiting the action expressed by the verb ; these 
only later, and by degrees, detached tliemsclvcs from the verb, and came to 
belong to the noun, assuming the office of its disappearing case-endings, 'llie 
article is the part of speech of most modern origin, the definite article growing 
out of tlie demonstrative pronoun, the indefinite out of the numeral one. 

At what rate these processes of growth went on at the beginning, bow rapid 
was the development out of monosyllabic barrenness into the wealth and fer- 
tility of inflective speech, we can never hope to know. Tho eonditious of that 
aucient period, and the degree in which they could quicken the now sluggish 
proccdses of word-combination and formation, are beyond our ken. We know 
only that, before the separation of the Indo-European tribe into the branches 
which later became the nations of Europe and southwestern Asia, so much of 
this linguistic development had taken place that its traces remain uneffaced, 
even to the present day, in the languages of them all ; and, also, that the work 
was accomplished hundreds of years, if not thousands, before tho light of re- 
corded history breaks upon the very oldest member of the family. 



Much of what has been shown to be true of the history of Indo-European 
language is true also of that of other divisions of the human race. All the 
varied Ibrms of speech which till the earih have grown into their present 
shape by development out of such simple elements as we have called roots ■ 
roots, too, have been everywhere of the same two classes, pronominal and vcr- 
b■^l, and the earliest forms have been produced especially by the combination 
of the two. Linguistic families are made up of those languages which have 
recognizably descended, In the ordinary course of linguistic tradition, from a 
common ancestor. But these great families arc found to difler from one 
another, not only in their material, but also in their mansgement qf.ifit ia> ^^eir 
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apprenenBion of the grammatica] relndons to be czprcsBcd by the combination 
of elements, and in the general way in which they apply their reeourreB to Uic 
expression of these relations. Indo-Kuropean laugiiagea are what is generitlly 
called " inflective." By this is meant, that they show a peculiar aptitude in 
closi'ly combining the radical and formal elcmcuta, forgetting their separate 
individuality, and accepting the compound as integral sign of the thing indi- 
cated; submitting it then, aa a whole, to the altering processes of linguistic 
growth. This tendency shows itself very differently in dilTercnt constituents 
of the langaage : in untmlTtfaUy, for example, the four elements are held in- 
dependently apart ; while in ting, sang, sang, song, inflection has reached its 
extreme rcauli, substituting an internal variation for original aggregation. The 
Tolac of this distinction will appear more clearly as we go on to consider the 
character! Btics of tlic other great families. We will take them np in an order 
partly geographical, partly based upon their relative importance. 

The second family is the Semitic, or Shcmitic, so called because the descent 
of most of the nutions speaking its languages ia traced in the Bible to Sbem. 
Its principal branchea are : 1; The northern, Syriac or Aramaic. 2. The 
central, Hebrew and Fhenician. 3. The sonthem, Arabic, with ita outliers in 
Eastern Africa, the languages of Abyssinia. It is a strongly marked group, 
and, though occupying out a narrow territory, is of prime consequence, from 
the conspicuous part which the race speaking it has played in the history of 
the world. In the great empires of Bleaopotamia the Semitic race first roae to 
high importancci then in the commercial and civilizing activity of the Phe- 
nicians, whose colony. Cartilage, long disputed the dominion of the world with 
Home. Ueantime, the politically almost insignificant little people of the 
Hebrews were producing a religion and religious literature, which, made uni- 
versal by Christ, were to become the mightiest elements in history. Finally, 
ID the Mohammedan uprising, the third branch of the race advanced suddenly 
to a leading place, and for a while threatened even to reduce to vassalage the 
Indo-European nations ; and it ia still a conquering and civilizing power in 
parts of Asia and Africa. 

The Semitic type of language is also inflective, like the Indo-European, but 
Dot in such a way as implica any historical connexion between the two. The 
Semitic tongues are in many respects of a more strange and isolated character 
than any others kiy^wn. Ulieir most fundamental peculiarity is the triliterality 
of their roota, every Semitic verbal root containing just three consonants. 
And it is composed only of consonants : their vocahzation is almost solely a 
means of grammatical flexion. Thus, q-t-l ia a root conveying the idea of 
"killing;" then qatala means "he killed;" gvtila, "he was killed;" vqtul, 
"kill;" qittil, "killing;" iqM, "causing to kill;" gall, "murder;" qitl, 
"enemy;" quit, "murderous;" and so on. Prefixes and suflSxcs arc also used, 
but to only a limited extent ; there is little left for them to do ; the formation 
of derivative from derivative, by accumulation of aflixes, is almost totally un- 
known. This significant vocalization is, to our knowledge, an ultimate fact in 
Semitic speech in all its forms, as is the radical triliterality ; but it seems im- 
possible to regard the latter, especially, as absolutely original ; and many at- 
tempts are made, with but inditfcrcnt success as yet, to reduce the roots to a 
simpler and. less Procrustean form, out of which they should be a development. 
The different languages are of very near relationship, like German, Dutch, and 
Swedish, rather than like German, French, and Kussian, for instance. Nor 
have they varied in the course of their recorded history to anything Lke the 
some extent with the Indo-European languages. Everything in Semitic Mccch 
wears an aspect of peculiar rigidity. 

The Semitic verb ^strikingly nnlike oura in ita apprehension rf the element 
of time. It distingffliies only two tenses, whose chief distinction is that of 
complete and incomplete action : each may be, in different drcumstancea, either 
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pasti present, or fntnre. Of wealth of modal formn tbcre is but little ; diEtinc- 
lionB of the action of transitive, causal, intensive, iterative, reflexive, and tbe 
like, by eo-callcd conjugations, arc multiplied instead. In tbeir nouiis, the 
Semites distinguish two genders, masculine and feminine, and three numbers; 
but cases are almost wanting, only the Arabic separating nominative, genitive, 
and oecjisativc. The subetantive verb is mostly wanting. Tlie language ia 
poor in particles and connectives ; sentences are strung together, not interwoven 
into a period. ThQ characteristic stiB'nese is also showu in the development of 
signification. Words applir-d to intellectual and moral nses remain metaphors ; 
the figure shows throuf^, and cannot hi.' lost sight of. Semitic speech, then, is 
rather pictorial, forcible, vivid, than adapted to caJm and reasoning philosopby. 

The next family of languages is one of much greater extent and variety. It 
covers the whole northern portion of the eastern continent, with moat of Central 
Asia, and paits of boili Asia and Europe lying ftirlher south- We will call it 
the Scythian family ; it is known also by several other names, as Ural-Altaic, 
Tataric, Mongolian, Turanian. It is divided into five principal branches: 1. 
The Ugrian, or Finno- Hungarian, which is chiefly European in situation, in- 
cluding the langnages of the Lapps, the Finns, and the Hungarian)', with tbeir 
congeners in the Russian territories, on both f^idcsnf the Ural. 2. The Samoi- 
edic, in Siberia, ef small conBcqnencc. 3. The Turkish, or Tataric, spoken by 
races who have played some conspicuous part in modem history, especially in 
the dismemberment of tbe Mohammedan empire ; its subdivisions are numerous, 
and extend from Turkey in Europe to tbe lower Lena, in Northern Siberia, 4. 
The Mongolian, tbe language of a people who in the 13th century overwhelmed 
nearly all the monarchies of Europe, and established for a brictf period an em- 
pire the widest the world has ever seen : tbe Mongols now live in insignificance 
under Chinese domination. 5. The Tungnsic, in the extreme east, having for 
its principal branch tbe Manebu, spoken by tbe present ruling dynasty and 
tribe in China. 

The Scythian races have played but a subordinate part in bnman affairs. 
War and devastation have been their chief trade : they have shown no aptitude 
for advancing civilization, and but little for appropriating it. No written mon- 
uments of their languagis carry us back to n past at all remote. But it is 
claimed of late by students of the Assyrian and Babylonian inscriptions, that 
one of tbeir languages is a Scythian dialect, of the FinnofUungarian branch, 
and even that those who spoke it were the founders of the civilization of that 
region. If this is established as true, it will greatly modify the aspect of an- 
cient ethnological history. 

The linguistic tic which binds together the branches of this great family is 
but a weak one, much less unequivocal than in the other families we have noted. 
There is less correspondence between them in linguistic material and forms ; 
either tbeir separation is very remote, or they have had a peculiarly mobile and 
alterable structure. Their chief resemblances are of morphological character; 
they are all alike " agglutinative ;" the combinations by which their words are 
formed are of a loose natnre; the root or theme is held apart from the suffixes, 
and these from one another, with a distinctive consciousneifs of their separate 
individuality. All formative elements follow the root to which tbey are attached ; 
prefixes are unused; the root, which is monosyllabic, remaining pure and un- 
changed, whatever accretions it may receive. It, however, usually affects the 
suffixes, in a manner which constitutes one of the striking phonetic peculiarities 
of the family. The vowels are divided into two classes, heavy and light, and 
only vowels of the same class nre allowed to occur within the limits of the same 
wor*Pl hence, tbe vowels of all suffixes arc assimilated to that of the root. Thna, 
ia Turkish, from haia comes baba-lar-um-dan. " from ou^^thers ;" while from 
dedeh comes dede-ler-tn-dat. " from their grandfethera.'^^his is nsnally called 
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tbfl "Uw of fa&rmonic sequence of vowels." Varieties and irregnlaritieB of 
coDJagaition and declension a.re almoat wiiolly wanting in Bcj^tbian graouBar. 

Tlie mnk of tLe Scythian Jttnguages in the general scale of hnman speech, 
notwithstanding their cuphoDions structuie nnd great wealth of forms in certain 
departments, is but, an inferior one. Those of the western or Eoropeon branch 
are decidedly the noblest, and thoy diminiah in valne eastward, the Tiingnsio 
being the poorest of all. 

There are those who would give the Scythian family a y,et wider extension, 
even making it include moat of the other Asiatic touguea, with those of the 
islands. Such sweeping classification, in the^preseot state of onr knowledge, 
haa DO scientific value, and is even opposed to the pltunest evidences of lin- 

foiattc atmcture -and material. One group, that,of the Tamntic or Dravidian 
ialects of Uoathcm India, iit most confidently, and with moat plaasibility, claimed 
as Scythittn, and may probably yot be proved such. 

China and Farther India are occnpied by racea whose langnagee form a sin- 
gle claaa. Their distinction is that they are monoayllabic ; they have never 
grown oat of that original stage in which, as we have seen, Indo-EnropeaD 
speech aUo bad its begiqiing. Their words are atill roots, of indeterminate 
logical form; tbcy are made parts* of speech only by the consenting apprehen- 
aioD of speaker and hearer, guided by theu* order and by the general require 
menta of the aenae. But while the diflTerent languages of the class agree in 
general morphological character, they show great divprsity in material, and the 
nature and degree of their relationship is very obscure. The Chinese is infi- 
nitely the most important among them. Its abundant literature goes back even 
into the second thousand years before Christ. It has only about 430 different 
phonetic combinations in its vocabniary; which, however, by change in the 
tone of utterance, are made into rather more than twice that number of distinct 
words. Yet thia scanty apparatus, by the power which the mind has over its 
instrument, has been the means of eipreaaion of far higher, profounder, and 
moT« varied thought, than the majority of highly organized dialects spoken 
among men. China haa l^n the mother of culture to the races lying south, 
east, and west of her territory : the rest of the world she has affected mainly 
through the products of her ingenuity and industry. 

Those who speak the Mai ay -Polynesian languages fill all the islands, from 
the coast of Asia southward and eastward, from Madagascar to the Sandwich 
group, from New Zealand to Formosa. Only the present spoken dialects are 
known, and most of thoae but very imperfectly, so that their groupings and 
degrees* of rclationahip are little understood : there may prove to be more than 
one distinct family among them. Their phonetic form is of the simplest kind. 
Their roots are prevailingly disayllabic in form, and of nominal rather than ver- 
bal meaning. Uedupli cation is a common mode of their development ; the rest 
is accompliahed more by prefixes than suffixes. Anything that can properly 
be called a verbal ibrm is hardly to be found in most of the dialects ; mood, 
lense, number, gender, case, are wanting. 

The oldest dated monuments of ancient culture, the oldest written records, 
are found in tbc valley of the Nile. The earliest form of Egyptian speech is 
preserved on tables of stone and rolls of papynia held by dead bands ; a later, 
the Coptic, has a Christian literature of the first centaries after Chriati but the 
Coptic also has been extinct now for more than two centuries. It was of the 
aimplcst structure; its monoayllabic roots had value as verbs and as nouns, 
ana only primary derivatives were formed from them : nor were its suffixes, 
for the most part, more closely attached than thoae of the Scythian family. 
Id some of its constmctions it was aa bald aa the Chiaeae, and even more am- 
bignouB. It agrees with the Indo-European and Semitic languagea in distia- 
pushing gender in ita forma ; no other human languages do this. There are 
^iparent signs of relationship between Egyptian and Semitic which lead many 
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BcholarB to entertain tbe confident opinion that the two descend from a com- 
mon ancestor; this, however, ia as yet by no means to be regarded as certain. 
Many of the tongues of Northern Africa, and the llottentot and Bushman, in 
South Africn, arc also asserted to exhibit signs of an ultimate connexion with 
Egyptian. Liceptin;; those dialects whith are either clearly Semitic, or 
claimed to be of kindred with Semitic or Kgyplinn, Africa is filled with a 
great variety of tongues, fonning a distinct family. They are, in a certain 
way, rich in forma, and have some striking and peculiar traits. The use of 
preformatives characterizes them ; a root never appears without a prefix of 
Bome kind, and the prefixes arc varied to accord with that of tho dominant 
word in the sentence, producing a kind of syntactical alliteration. 

There remains for consideration, of th& great families of bnman speech, only 
that one which occupies the American continent. It is too vast and varied to 
be dealt with here in any detail. Isolation of communities and the consequent 

> indefinite separation into dialects have been carried in America to an extreme. 
Uorcover. there is a peculiar changeablencss of material, bard to explain and 
account for, which causes that two branches of a tribe which have been scp* 
arated but a brief time speak languages which are mutually unintelligible, 
and of which it is even hard to trace the relationship. But it is believed that 
a fundamental unity lies at the base of all the infinite variety of American 
dialects, from the Arctic Circle to Cope Horn; whatever their diflerences of 
material, there is a single type or plan on which their forms are developed and 
their constructions made. It is called the incorporative, or poly synthetic. It 
tends to the aggregation of the parts of the sentence into one great word ; to 
the substitution of an intricate compound for the phrase with ite separated and 
balanced numbers. 

No linguistic evidence of any real valne has yet been adduced going to show 
the affinity of American with Asiatic language, nor baa the lime yet come for 
a fruitful discussion of the question. To make a bare and immediate cotnpari- 
Bon of »he modern dialects of the two continents is altogether futile. When 
the comparative philology of the separate families is fully worked out, from 
the collation and analysis of oil attainable material in each, if we shall find 

. oureelvee in a position to judge and decide the question of Asiatic derivation, 
wo shall have reason to rejoice at it. What wc have to do at present is sim- 
ply to learn all that wc possibly can about the aboriginal languages of thia 
continent ; our national honor and duty are peculiarly concerned in the work, 
toward whiclii with too much reason, European scholars aecuBC us of indiffer- 
ence and inefficiency. The Smithsonian Insiilulion has recently taken np the 
subject, nnder special advnntiges and with laudable zeal, and all Americana 
should countenance and asiiiat its efibrta by every means in their power. ' 

Before closing this cursory and imperfect review of the great families of hu- 
man language, we ahould glance at one or two isolated languages or groups, 
hitherto unclassified. One of the most noteworthy is the Basque, spoken on 
the borders of France and Spain by the represent:! tivea of the ancient Iberi- 
ans, and perhajis the scanty relic of a race earlier than the irruptions of the 
Scythian and Indo-European tribes. Another is the Eti-uscan, of Italy, saved 
in scanty inscriptions, which offer an unsolved and probably insoluble problem 
to the linguistic student. In (he Caucasian mountains, again, appears a litllo 
knot of idioms which have defied the efforts of scholars to connect them with 
other known forms of speech. Each family has, as may be seen even from 
our hasty sketch, its own peculiar charaeleri sties, which distinguish it from 
every other. By such sweeping classifications of ihem as into monosyllabic 
and polysyllabic, into isolating, agglutinative, and inflectional, or the like, little 
or nothing is gained. True classification must be fonnded on a considera 
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of the whole complicate Btnictare of the languages cUsaified ; it muet, above 
all, be historical, holding together, and apart from others, those groups which 
giro evidence of genetic derivation from a common original. 



On reviewing tbia division of the families of kngnagc, any one will be.Btmck 
hy ite non-agreement with tbc divisions based on phyaical choracterieticB. This 
brioga up the important queelion as to the comparative valu^ of linguistic and 
phyeical evidence of race. A reconciliation of their eeeming discordancy muet 
be songbt and finally found, for the naturalist and lingniet are both trying to 
work out the same problem — the actual genealogical history of human races — 
and they cannot disregard each other's results. Their harmonious a^p^ement 
can only be the result of the greatly advanced and perfected methods and con- 
closious of both. Nothing more can be attempted here than to note certtun 
general considerations bearing upon the subject. 

la the first place, language is uo certain evidence of descent. As was showu 
in tbe first lecture, language is not inherited, but learned, and often from 
teachers of other blood than the learner. Nor does mixture of language prove 
mixture of race. The Latin part of our vocabulary was brought ua by men of 
Germanic descent, who learned it from Celts and Germans, and they from a 
mixed mass of Italians. These defects of linguistic e\-idence have always to 
be borne in mind by those who are drawing conclusions in linguistic ethnology. 
But their eSect must not be exaggerated ; uor must it be overlooked that pbysi- 
eal evidence has quite as important defects. The kind and amount of m^ifi- 
cation which external circumstances can introduce into a race-type is as yet 
undetermined. Many emment naturalists are not unwilling to aiiow that all 
ezuting difierences among men maybe the effect of processes of variation, and that 
the hypothesis of different origins is at least unnecessary. Hence, as a race 
may change its language, aud not its physical type, it may also do the con- 
trarj'. Lwiguage may retain traces of mixture undiscoverable otherwise. Lan- 
guage may more readily and surely thau physiology distinguish mixed from 
transitional types. In many roapecta linguistic evidence has a greatly superior 

S radical value ; differences of language aro much the more easily apprehended, 
escribed, and recorded. Individual differences, often obscuring race-differences 
of a physical eharactei, disappear in language. Testimony coming down from 
remote times is much more accessible and authenticable in language. Discord 
between the two, or question as to relative rank, there is none, or ongbt to he 
none. Both are equally legitimate and necessary modes of approaching the 
•olntion of the same difficult and, in ita details, insoluble problem, roan's origin 
and history. Each has its notable limitations, aud needs all the aid it can get 
ftom the other and from rocorded history to supply its defects and control ite 
eonclnsioss. But the part which language has to perform in eonstmcting the 
ethnological history of the race must ho much the greater. In laying down 
grand outlines, in settling ultimate questions, the authority of physiology may 
be superior ; but the filling up of details, and the conversion of a barren classi- 
fication into a history, must be mainly accomplished by linguistic science. 

Another important question is, what has the study of language to say re- 
specting the unity of the human race T This question can already be protty 
coufidcntly answered, but the answer must be a negative one only, Dnguistie 
science can never hope to give any authoritative decision upon the subject. To 
show that it can never pretend to prove the ultimate variety of human races is 
vefy easy. It regards language as something which has grown by degrees out 
of scanty rudiments. It cannot assume that these rudiments were produced 
by any other agency than that which made their after combinations. It cannot 
say how long a time may have been occupied in the formation of roots, or how 
long the monosyllabic stage may have lasted ; and it must confess it altogether 
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possible that an ori^nal human race should bave separated iato tribes before 
th^ fomiation of aiij langiia^ bo distinctly developed, and of sucb fixed forms, 
as slioald leave traceable fragments ia the lat£r dialects of tbe aandered por- 
tions. Among ali the varicticB of human speech there are no differences which 
arc not fully ciplainahle upon the hypothcais of unity of descent. 

That the lingniatic student also cannot bear positive testimony in favor of 
such descent is equally demonstrable, although not by so direct an ailment. 
There is here no theoretic impediment in the way, but a practical one. It might 
be hoped that traces of an original unity would be discoverable in all parts of 
human language ; only examination coiUd show that sach is not the case. Bnt 
investigation, however incomplete, has already gone far enough to leave no 
reasonable expectation of making the discovery. 

The processes of linguistic change alter the constituent parts of language in 
every manner sad to every degree, producing not only utter difference between 
words which were origiaally one, but also apparent correspondence between 
those which are radically unconnected. There are no two languages on the 
face of the earth between which a diligent search maynot bring to light resem- 
blances which are easily proved by a little historical study to be no sigiks of rela- 
tionship, bnt only the result of accident. Now, the more remote the time of sepa- 
ration of two related languages, the more numerous will be their differences, tbe 
more scanty their resemblances ; hence, the more ambiguoos will be the indica- 
tions of their connexion; until finally a point is reached where it is impossible 
to decide whether apparent coincidences which we discover are genuine, or only 
accidental, and evidence of nothing; and, in the comparison of languages, that 
point is actually reached. When we come to hold together ihe forms of speech 
belonging to difiercnt familicR, the evidence fails us. It is no longer of force to 
prove anything to onr satisfaction. The families are composed of sach lan- 
guages as can oe seen to have grown together out of the radical stage. If there 
is community between them, it must lie in their roots alone; and to give the 
comp&fison this form is virtually to abandon it as hopeless. To trace out the 
roots of any family, in their ultimate fonn and primitive signification, ' 



of the very gravest difficulty. Uy the help of the great variety and an- 
tiquity of its dialects, and especially by the Sanscrit, the task can be somewhat 
satisfactorily accomplished for the Indo-European tongue; but the Semitic 



roots, as already explained, are of the most perplcxinely developed form. Radi- 
cal correspondences among the great branches of the Scythian family are hardly 
sufficient to prove the ultimate relationship of those branches ; and to hope that, 
in the blind confusion of Malay, A^frican, and American dialects, linguistic 
analysis will ever arrive at a confident recognition of their primitive germs, is 
altogether futile. Accidental correspondences are, if any thing, more likely to ap- 
pear among roots than in the foims of developed speech. Authorities arc much 
divided upon the question whether the Indo-European and Semitic families are 
proved connected, with a decided preponderance of the best and safest opinions 
on the negative side. If it may possibly be hoped that their connexion will 
yet be cfitablished, with the help of evidence coming from outside of language, 
the same hope cannot be entertained aa to the connexion of either of these with 
liny other family, and yet less as to the inter-connexion of all tbe families. 

We come, finally, to consider the origin of language. We may claim that 
the problem has been greatly simplified by what haa already been proved as to 
the nistoiy of speech. Did we find the latter everywhere and always a com- 
pletely developed and complicated apparatus, we might be tempted to despair of 
explaining its origin othorwise than by tbe simple hypothesis of a miraculous 
agency. But we hove seen that the wealth of tbe noblest tongues cornea by 
hIow accumulation from an early poverty. We have only to satisfy ourselves how 
men should have become possessed, at first, of the scanty and bumble germs of 
Janguage. And, in the first place, there ia no reason for supposing them 
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genaat«d hy anv oth«r foaey tkao tiuit wfaidi is actire in Aeir after combi- 
oUioD and developiuent; namely, by the coneciouB exertion of man's Datmal 
powen, by bie nse of the focoltieB conferred npoo him for the satiBfaotJon of ll>e 
DBoesaities implanted in bim. In this way, and in no other, is language a di- 
vine gift. 1 1 ia divine in the sense that laan'B nature, with ail its capacitiee and 
aeqni]«inents, is a divine creation. It ia bnman, in that it is a product of that 
natore, in its nonnal woilciDgs. 

It ia lugfaly important that we make clear to ouiaelves what is tbe directly 
mpeUing lurce to the prodnctioa of luigoage- It ia not any iotemal and 
necessary impnlBe to ezpresaion on die part of thought itself, altbongb this is 
very oftw malntaiued ; it ii the desire of commnnication. One man alone would 
never fonn a language. Two chUdren could not grow up together without ac- 
Miiring tome means of exchange of tbanght. Ltuigoage ia not thought, nor 
uonght language ; norie there a mysterious and iudiMoluble counexion between 
the two, so that we cannot conceive of the existence of the one apart from the 
other. But thought would be awkward, feeble, and indistinct, withont the 
warkii^ apparatus afforded it in langoage. The mind, deprived of sncb an in- 
strument, would be, as it were, lamed and palsied. The possesBiou of ideas, 
e^nitions, leasuiinga, dednctioBS, imaginingB, hopes, cannot be denied to tfa« 
Mai and dumb, even when untaaght any substitute -for spoken language ; nor, 
indeed, even to the lower animals, in greatly inferior and greatly varying d^rae: 
Thought is anterior to language and independent of it. It does not require ex- 
pression in order to be thought. The incalcnlable advantage which it deriveB 
from its command of speech, though a Dccessary implication in the gift of 
speech to man, comes incidentally, growing out of that eommnnicatton which 
man must and will have with his fellow. A word, then, is not a thought ; it 
ia the sign of thought, arbitrarily selected and conventionaUy agreed npon. 
It is the fashion to cry down the use of the word conventional a« applied to 
laitfuage ; but, rightly nuderstood, it precisely expresses the fact. It does not 
imply the holding of a convention and foratol discussion, bat the aecentaDceasd 
adoptioD into use, on the part of a commonity, of something proposed by an in- 
dividual ; and in no other way, as has been shown above, does anything in 
language' originate; nor did it, baek to the very beginning. £very root- ay liable 
was first used in its peculiar sense by some one, and became language by the 
assent of others. 

These considerations relieve the remaining part of our, problem of much of its 
difficulty. Under the outward impulse to communication, thought tenda irre- 
sbtibly toward expresBian: it will have czprcBsion, and, were it destitute of 
articniate speech, it would have sought and found other means — gestures, atti- 
tudes, looks, written signs, any or all of theie. But the voice was the appointed 
and provided means of eupplying this great want, and no race of men, accord- 
ingly, is found unprovided with articulate speech. It remains to inqniie how 
men should have discovered what the voice was meant for, and have applied it 
to its proper use. Several theories have been proposed in explanation of this. 
One, the onomatopoetic, Bupposcs that the first names of objects and acts were - 
generated by imitation of the erica of animala and the noisea of dead nature; 
another, the inteijectional, regards the natural Bounds which we utter when in 
a Slate of excited feeling, our exclamations, oa the be^nnings of speech ; another 
compares man's utterance with the ringing of natural substances when struck, 
and holds that man has an instinctive faculty for giving expression to the 
rational conceptions of his mind. The last of these is believed to be destitute 
of oil value, as grounded in unsound theory, and supported by nothing in our 
experience or observation. The other two are so far true that it must be granted 
that exclamations and imitated sounds helped men to realize that they had in 
their voices that which was capable of being applied to express the movements 
of their spiritB. But the study of language brings to light no interjectional 
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roots ; and onomatopoetic ones, although eometimes met with, are rare, at \eaat 
in the better known families of language, and in great part of late formation- 
Evidence does not show, and theoir does not require, that the actual beginnings 
of speech shonld hare been of eitner character. The process of root-making 
was in mnch the greatest part a free and arbitcarr one ; it was, as we may wiu 
eapecial propriety call itt a tentative process, a deris^ and experimental pro- 
posal of signs, to be thenceforth associated by a community with conceptiooe 
which pressed for representation. ObjectiTe and absolute connexion between 
aonnd and sense there was none, except in words of onomatopoetic formation ; 
of a subjective connexion, a gaiding analogy, we do catch occasional glimpses, 
or seem to catch them ; they are too subtle and evanescent to be believed is 
with confidence, nor have we ground for suspecting their wide occurrence. 
There is thus enough of obscurity, of uncertainty, resting upon the earliest pe- 
riod of linguistic growth ; but of mystery, hardly any ; the process is not beyond 
onr ken, ^though its details are out of our knowledge. 

Of all animalB, man is the only one that has proved himself capable of origi- 
nating a language. For this, the general reason, that man's enaowments are 
vastly higher than those of the imerior races, is the best that can be given. 
When philosophers shall have determined precisely wherein hes man's eope- 
riority, they will at the same time have explained his exclusive possession of 
speech. If, however, it were necessary to say in what mode of action lay that 
deficiency of power in the lower animals which, more than any other, pnt lan- 
guage out of their reach, we should incline to maintain that it was the power of 
distinct reflection on the facts of consciousness ; of analyzing impresaious, and 
setting their parts so clearly before the internal sense as to perceive that each 
is capable of a distinct sign. Many animals come so near to a capacity for lan- 
guage as to be able to understand and be directed by it, when addressed to them 
by man ; uor ia their condition without analogy with that of very young chil- 
dren, whoso power of comprehending langtiage is developed much earlier and 
more rapidly than their power of employing it. It may well be questioned 
whether, as regards capacity for speech, the distance from the unimpressible 
oyster, for instance, to the intelligent dog, is not vastly greater than that from 
the dog to the lowest and least cultivable races of men. 
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MBMOIE OF C. F. BEAUTEMPS-BEAUPEi. 



BT M. ELIE DE BEAUMONT, 



TKANSLATED FOR THE EUrmSONUN INSTITUTION BY C. A. ALEXADDD 



To tbU AcaSemy no ^pecice of scientific renown is alien; and if each men as 
la F^ronse, d'EntrecofiteaDx, Baiidin, Dumont d'Urville, have disappeared 
from the stage of the world without having been nnmbered in its ranks, it was 
becanee an inauspicioDB destiny arrested their career. Their place here was 
already marked. To' have obtained it would have been to them, next to the 
conBciooenesB of dnty fnlfilled, the highest of gratifications. To yon, gentle- 
men, the privilege of crowning their memorable labors by yonr suffrages would 
have been a Eubject of the most just self-congratulation. Those labors death, 
which bas snatched away their authore, has not withdrawn from your domain. 
It is still grateful to roa to extol them, and your committee has concurred with 
me in thiiuing that I could prefer no better claim to yonr favorable attention 
than by attempting to retrace, on this occasion, tbe life of a colleague who knew 
how to obtain and to justify all yonr sympathies, and whose name invariably 
recalls those of the heroes of hydrography we have named, of whom he was, 
with better fort ones and not less daring, the companion, the rival, or tbe master. 

CbarleB-FraD9oiB Beautemps-Beaaprt^ was bom August 6, 1766, at Neuvillc 
an Pont, a village situated one leagno north of Sainte Menehold, in that part 
of Champagne which now forms tbe department of tbe Mame. His father was 
an unpretending tiller of tbe soil, and the yoang Francois, wbo seemed destined 
to cultivate, in his turn, tbe rather pros^c fields of that worthy country, passed 
his first years in youthful sports on the pleasant bills which, branching from 
the Argonne, agreeably diversify tbe banks of the Aisne. His constitution, 
naturally robust, and strengthened by country exercise, received on one occa- 
sion a severe shock. While heedlessly playing with the rope of tbe parochial 
bell he fell with violence, nnd sustained such injuries of the head as to make 
trepanning necessarr. The operation was no doubt skiliully performed, for 
the young sufferer became, with advancing years, a man of tall stature, of a 
noble and expressive mien, and retained, for nearly eighty years, the use of tbe 
exalted facolties which won bim a place in this assemblage. I have not been 
able to recover the' name of the modest provincial surgeon to whom, under 
Providence, our colleague was indebted for life and intelligence, and who, per- 
haps, never knew the full value of the head be had been instrumental in re- 
storing. 

M. Beautemps-Beanpr^ passed, indeed, only the years of childhood at his 
native village. Among his relations was an eminent geographer, M. Jean Nico- 
las Bnachc, the bead of a geographical establishment derived by collateral in- 
heritance from the family of Delisle — a family wholly devoted to science, and 
known, through more than a century, for its connexion with almost eveiy pnb- 
lica^on relating to geography, astronomy, and the marine. H. Boacbe, visit- 
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iDg NeDTiIle an Pont about the year 1776, was atrack with the inteDigent conn- 
lenance of his young relative. He was pleased at the idea of usociatrng with 
binuelf a docile intelligence which might be trained to the condoct of the patri- 
monial bnsinees, and readily induced the little Beanpr^ to accompany him to 
Paris. This the latter foond himself installed, at the age of ten years, in the 
midst of the hereditary traditions of a boose which had become, in some sort, 
the focns of geographical etndies. He was charged with the arrangement and 
preservation of those charts, atlases, and globes with which we have most of qb 
been occupied at some period of our lives. To this labor, which wonld have 
repelled tbe generality of young persons, he gave himself with nnbonnded de- 
votion. He lived among his dear maps, assorting, adjusting, studying them; 
beoce be was not long \a masteriDg all that vas necessary for nnders landing 
them. His vocation stood revealed to him; nor, with such innate tastes, could 
his evcnttial accession to this Academy be a matter of doabt, provided that for 
him, also, tbe condiUon stipulated in the distich of La Fontaine should be 
realized: 

If GodthaUontrli 

M. Bnacbe, gratified at the mauiibstation of bo happy a tarn, afforded every 
facQity in hie power for ita development. 

Tbe attention of this learned geographer was by no means confined to the 
cmBBierce of bis establishment. He bad assisted in tbe edacotion of tbe three 
princes who became, euccessively, Louis XVI, Lioois XVIII, and Charles X, 
and maintained with the first of these monarchs, himself a distinguished geog- 
mphor, relations of confidence founded on a similarity of tastes and studies. It 
is to be presumed that be contributed much towards eboping the views of the 
excellent King in relation to the expedition of la Perouse, and being intmsted, 
jointly with U. Fienrieu, with the preparation of instniciionn for the voyage — 
iastructions strongly impressed with tbe benevolent spirit of Louis XVI — it 
became necessary for him to execute in tbe short space of three months a no- 
merouB scries of charts. Naturally he turned for assistance in this labor to bis 
young coadjntor, with whose talent for this species of design be had been so 
mncb dehghted ; and, quite as naturally, the voutbful enthusiast, in whom 
there was much more than the material for a draughtsman, grew enamored, 
as he proceeded, not only of tbe charts but of the expedition, and eagerly 
pressed to be allowed to erabark on one of tbe frigates. Happily for himself 
and for science, M. Buache decided that, at tbe age of eighteen, Uiero was yet 
too much for him to learn to make it advisable that be should cugage iu such 
an enterpriM, and thus prevented his taking port in tbat fatal expedition from 
wfaicb no one was destined ever to return. 

The young Beaupri had not. however, escaped the notice of M. de Fleurieo. 
aitd was transferred as engineer in 178S from the department of tbe Marine, itt 
which be had heretofore served under the orders of M. Buache, to tbat of tbe 
Controls, where, in immediate enbordination to M. de Fleuricu, be was required 
to assist in the execution of the charts of the Baltic Neptune. 

lleonwhile the expedition commanded by la Perobse had sailed from Brest, 
Annst li 178fi. Aiier having traversed the coasts of tbe Pacific ocean iu all 
directions, and moored in the harbor of Botany Bay, it had again put to sea, 
Hareh 10, 1788, in order to prosecnte the route marked in iu instructiouB. 
From that time nothing had been heard of it, and apprehensions for its safety 
b^an to be entertained which were unhappily too well founded. 

The National Assembly having petitioned the King to despatch armed ves- 
sels in search of the distinguished naviptor, two new frigates, la RetJierche 
«ad I'Eipfranoe, w^re designated to sail, under the orders of Rear-Admiral 
BmoF d'Eutrecasleanx, upon this laudable mission ; and this time M. Bean- 
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tempB-Beaapr^ obtained the f&vor of accoinp»D^lng the expedition. He was 
Msigned, July 31, 1791, ander the title of first bydrograpbical engineer, to 
the &igate la Recherche, commuided by the fidiniral in person, and reported 
himself at Breat, vhither he had repaired in company with M. de la Billardiere, 
Ae botanist of the expedition, and destined himself also to become a member 
of this Academy. 

The two vesBelB sailed September 29, 1791, at which time Beanpre was 
twenty-five years of age. By his labors daring six years in the compilation 
of the Nepttate of t^ti Baltic sea, be bad thus early become an experienced 
chartographer, and tbe expedition now departing offered the happiest occREion 
for the application of his talcnt« in this line ; for the admiral, being about to 
explore witb great minuteness all iho coasts where traces of la Peronse tnigbl 
be expected to be fonnd, bad rccciyed orders to determine at the same time tbcir 
hydrograpby with all possible compactness. 

After having doubled the Cape of Crood Hope, the expedition passed in 
si^t of tbe isle of Amsterdam, coasted at a distance the sonthem shoroB of 
New Holland, and came to anchor towards the sontbeaitt point of Van Die- 
men'e Land, at the then desert entrance of tbe river on which now stands the 
city of Hobarttown. It next penetrated into tbe Pacific ocean, followed the 
weatera coast of New Caledonia and tho nortbcm of New Guinea, passed to 
the northwest of Amboyna and Timor, to tbe west of New Holland, explored 
in detail the south coast of that vast region, and, after having thus made its 
entire curcnit, again cast anchor, January 21, 1793, in the soutli part of Van 
Oiemen's Land. 

Having completed, during tho finest month of the austral sammer, import- 
ant hydrograpbicol labors commenced the previous year, and particularly tbe 
survey of the straits of d'Entrecastcaux, which separate tbe islo of Bruny from 
the main land, tbe expedition again sailed, February 27, and passed anew into 
tlie wide Pacific. Directing its course towards all the points where la Peronse 
could be supposed to have touched or to have been driven, after his departure 
fimD Botany Bay five years before, the expedition visited Tongataboo, one of 
(be Friendly islands, and once more shaped its course towards New Caledonia, 
which was now reached from the northwest. Some idea of the incidents and 
perils of these courses may be conveyed by a few passages of the admiral's 
narrative : " On the eve of onr arrival at New Caledonia, April 17, 1793, it 
blew a bard gale ; the atmosphere was thick, hot not so dork oa to induce me 
e a night off tbe Cape. I gave orders to proceed under easy sail. About 
in the morning it grew very dark, and thj cries of numerous 



throe in the morning it grew very d 
heard near tho frigate, an almost certain indication at that hour, of the neighbor- 
hood of laud. Although day was not far off, Af. Merite, officer of the watch, 
prudently decided to bring to. and scarcely bad objects become distinguishable, 
when a low coast presented itself to view ; an invluut after it was discovered 
to be surrounded with breakers on which we ehonld certainly have struck but 
for the precaution just mentioned ; for we had been making two leagues an 
hour under topsails alone, closely reefed, This dangerous ledge was recon- 
noitred, and a special draught of it carefully executed. Its length from north 
to south is from nine to eleven miles, and its breadth, cast and west, seven to 
eight. We Baw to tbe east of this reef two small wooded islands, with a thiiJ 
U^er midway between them : these we have named tho Beaupre itland*."' 

* Tbe clums of M. Beautomps-Beiiuprli to a dtstioctioD of this kind were incidentallT 
recogniied by ihe diatioguisbed ood laiueoted explorer. Sir Jolm Franklin. Beiog on a visit 
to Fvis, just before Us departure on tbe expedition wbich was destiued to so iHtal a reaiill, 
ha called on U. Beau temps- Boaupr^, aotl, speakiog o( Van Diemen's Land, of which Sir 
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Wbcn hie Dame was thuB conferred, U. Beaalempii-Beanprd had been duly 
proeecuting his labore for more than tventy months nnaer the eyes of the 
admiral and his officers, and the testimonial may, therefore, be regarded as the 
more deliberate and honorsble. 

"The same day," cant inoes the admiral, "at half after 1 o'clock, we descried 
New Caledonia, and in two hours were a mile distant from the reef on the eastern 
coast of this great island, which RCcmed to be bordered by it, aa the western 
coast had been ascertaiiied to be in 1792. ' * * * Aa the entrance of 
the harbor of Balade, where I propOHcd to como to anchor, wa^ only marked by 
an intermption of the reef which borders the coast, we followed this reef closely 
in order not to miea the opcaing. Wc reached the patts by 2 o'clock, and a 
favorable tack gave us hopes of gaining the anchorage, when it was signalled 
that the other frigate, V Etptrance, had struck." 

Happily the imperilled vessel was Bafely extricated, and the two frigates finally 
cast anchor very nearly at the spot where Captain Cook had done in 1774. 

" The natnraliets of the expedition repaired, April 25, to the neighboring 
mountains, and M. Beauprf^ ascended with them in hopes of discovering the 
reefs with which the channels of Balade are bestrown, and of fixing their position. 
The sea was discernible to the east, west, and north, and the isles of B^lahra, 
Ui'conuaiBsance, and many other points which had been entered in the maps 
of 1702 were recognized. The positions of thsee were determined by M. 
Beaupr6 with reference to the observatory of Balade, with the view of con- 
necting the trigonometrical operations of this year with those of the preceding 
one. From the top of these mountains the shelf which borders the other side 
of New Caledonia waa perceive<l, and an intermption distingnishcd, which, after 
renewed obserrations, seemed to correspond with that discovered the previons 
year in visiting the western coast." 

The expedition left the roads of Balade May 9, 1703, and soon after encoun- 
tered the aangerouB reefs which etretch to the NW. of New Caledonia; thcoe 
having been examined hat imperfectly by Cook, have received the name of the 
TCffa of d'EntrrcattfOHX. Twice, st the break of day, were the ships of the 
last-named navigator found to have so closely approached this barrier, that 
there was barely room for the evolution by which they were extricated. Direct- 
ing his course northeastwardly towards the island of Santo Cmz, the admiral 
gave the name of la Recherche to an island in the vicinity of the former, whose 
latitude and longitude were determined to be, within but a few minutes, 11° 40' 
south, and 164° 25' east. During the numerous courses made by the vessels 
in the archipelago of Santa Cijz, M. Beautemps-Beanpr6, favored by fine 
weather, succeeded in fixing the position of a multitude of points, as well on 
the principal island as its accessories. 

According to the method which he had adopted for making his observations, 
and which has eincc become of general use, be first made at each station a 
draught of the coast, in wliicb ho indicated by letters or numbers not only the 
most remarkable objects, but wrote the measures of the angles observed, the 
bearings of the points with respect t^ one another, the estimate of distances, &c. 
The draughts, on which were to be written the results of the observations made 

much Jo I n^ret," oxclaimed Sir John, " tbal I was ignorant of tbe circamitance ! labould 
Uv« beswwcd joor name on Iho finest portion of the city." 

Cttpbtln Fliuners, who, in ltUJI-l6U3, conducted an expedition "Cor tbe pnipoge of con- 
nVtinc ihe Jiacovcrv of Ihal vast country" to which he gave the uame of Ttrra Aatlraiit. 
■iWntards changed lo AastTHliu,) nod who published an account of his voyage in two 4to. 
Volaaw*. accompanied by an atlns, beanj testjaiony, as well in notes engraved upon the maps 
u inl>'U»>>ff^ °' '^° ^^^' '" ^''^ accuracy of tbe labore of onr collcaeue. In the inlroductioD 
^ihr nw^i''" '"^- "Thechiirts of the bavs, ports, and arms of the sea at tbesontheaet 
(B,* •■* Van Dtenien's Land, constmcted in this expedition by M. Beaut«mpe-Boaiipr£ and 
' i„„)- u>pMr to combine gcienlilic accumcy and minatonessof detail, with an UQCOtn- 
^ bKf vi attXDota in Ibe execution. They contain some of Ihe Soeel Bpceimeos of 
^BT^™"'*' ^ - pwliap*! ^'*' made in a new coanDy," 
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on board, could not be taken vitb too macb rapidity, for it wu neceewtry that 
tbe Bhip eboold not materially cbanee its place daring the time of the opera- 
tion. The principal operatione whicn eerre as a foundation for the charts con- 
structed by M. Beanpr^ are snch as were executed either at midday, or simul- 
taneously with tbe observations of horary angles ; that is to say, at such times 
of each day as the position of the Tessel was determined by astronomical ob- 
serrations and tbe chronometer. On these occasions he assembled around him 
tbe greatest possible number of observers, and be had found or formed a great 
many among the officers of the frigate. Just one minute before taking the 
obeerrations he made a sketch of the coast ander view, beginning with those 
parts of it which, being most remote, would undergo least change of ontlino by 
reason of tbe movement of the ship ; then, precisely at tbe moment when the 
astronomical observationB were taken, he measured the angular distance be- 
tween the object which be had designated to his assistants as the point of de- 
parture and one of the remarkable places of the coast, while each of the as- 
Biatonts measured tbe angular distance of the same point of departore from one 
of tbe other objects embraced In tbe survey. The results of these simultaneous 
observations were afterwards transferred to the sketch which had been made 
of the outline of the land. All tbe angular measuros were taken with Borda't 
rtpetuing circle. 

When the sun was not too high above the horizon, one of the observerB 
measured the distance of that body from one of the remarkable points of the 
coast ; by means of tbe heights of the sun observed at the some moment by 
M. de BoBsel, and from the distance measured, M. Beaupr^ obtained the astro- 
nomical bearing of that point, whence he deduced tbe bcutring of all the points 
between which angles had been taken. 

Two compasses were always directed, dnring tfae observations, on the place 
chosen as a point of departure for the auglea, and the mean of the bearinga 
given by those instruments was tranecribed in tbe collection of notes, and this 
whether an astronomical bearing had been obtained or not. In the first case the 
magnetic indication served to show the variation of the needle, and in the second 
to supply, though imperfectly, tbe absence of on astronomical observation. If 
circumstances, which, however, occurred but rarely, prevented the co-operation 
of a snScicnt number of observerB to take simnltaneonsly the angles of all the 
remarkable points necessary to l>e determined, M. Beauprd arranged several 
circles of reflection, so that each observer might promptly take two or three 
angles, without being obliged to write them on the spot; and these observations, 
made with a rapidity proportionate to the expertnCBS of the observer, were 
found to agree almost as exactly as those made sunultaneously. 

a. Beaupr^, who drew the chart with as much facility as exactness, found a 
marked advantage in embodying the results observed as promptly as possible, 
for he bad then all the circumstances of the observations present to his mind. 
It was not seldom that be was enabled in this way to detest and remedy inad- 
rertencies committed in writing the angles measured. Tbe preciBion of bis 
graphic constructions ever rendered it practicable for him to verify, and some- 
timee to correct, with great probability, the positions of the ship, dAermined 
several times a day by astronomical observationa, combined with the indica- 
tions of chronometers and the eatimatc of couraes. 

The means of verification rceulted, in part, from the fact that the observa- 
tions of each station gave bim a scries of visutil lines, springiiig essentially from 
tbe same point, and forming known angles, whether with one another or with 
the astronomic meridian, or at Ic&at with tbe magnetic meridian, itself deter- 
mined by an observation made at nearly tbe same time. They reaulted, more- 
over, from tbe cirenmstonce that all tbe visual lines directed from different stations 
on the same object, snch as a cape or a mountain, must, on the draught, intersect 
one another at the representation of that object. When, at the first trial, these did 
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not neet, a aeries of ^proximadonB leading to modify ia am admiasiHe d^iee 
Ute poaition of tbe ship at the different staiions Bufficed to establish the necee- 
Buy junction. The approximationB in qaeetion might be made with etill more 
rigor by calenlation, and one of ooi moat scientific hydrograpbera, M. dc TcMan. 
haa even ahown that the method of least aquares ia here applicable i* but IC. 
Beanpr^ adhered generally to the graphic method, which he employed with as 
mnch aagaeity aa preciaion. 

The application of thia rigoroua method £xea the poaition of the principal 
pointa of the chart about to be coDEtructed, aa the topa of mountaina, capea, Kc 
The detaila, anch aa the outline of coasta, courae of rivers, &x., are afterwards 
deacribed with anch d^ree of precision M time permits ; and when a aojoorn 
of acme duration rmdera it practicable to add the aoundings taken at eea, as 
waa tbe case in regard to the atraita of d'Eotrecasteaux and other porta of tbe 
coaata of Von Diemen'a Land, the poaitions of the points of sonnding are fixed 
by reference to the principal poiota determined by the bearings, in accordance 
with the methoda which will be preaently indicated when we arrive at tbe 
hydrographic aurveya of tbe eoasta of France. 

The hearinga taken from the 19th to the S3d May, in the archipelago of Santa 
CAz, enabled H, Beanprd to give a remarkable proof of bia akill in applying- 
these procesaea, which were then new. Faithful to bia method of couatructing, 
day by day, the chart of thoee parts of coasta which be would not again see, be 
devoted tbe night of the Slat to describing the details of the aouth coast of tbe 
iala&d of Santa Crui ; that of the 22d waa similarly occupied with the north 
craat ; and, the abips suling on the 23d for the Solomon islands, he applied 
IniiMelfi aa eoon aa the laud waa lost sight of, to the definitive redaction of bis 
chart. This, like all the rest belonging to tbe voyage of d'Entrccaateaux, was 
eoBstmcted on a scale of three linea for one minute of the equator ; and as it 
presented, for tbe diacuasioa of wbicb we have been epeaking, nearly all the 
eates to be met with in practice, ii. Beaupr4 baa caused it to be engraved in the 
19tb plate of tbe atlaa, with aU his lines of cooatruction, as an example of bis 
manner of operating, and it is hero that he has explained bia method with de- 
taila at which we have only been able to give a cursory glance. They may be 
seen in the appendix relative to thia aubject at tlie end of tbe firat volume of 
the royage ot d'Entrecaateaux, an appendix which has become the vade-mecum, 
and, if 1 may bo speak, the eateckUm of the constructors of marine charta. 

In reducing to rule, and in practicing his method, M. Beaupr6 fulfilled tbe 
moat cherished wish of the scientific hydrographers, who, at the close of tbe 
eighteenth century, employed themselves with the means of ^ving to nautical 
science all the preciaion of which it is ausceptible. Borda, after having placed 
in the hands of navigators the repeating circle of which they atiU make 
nse, had recommended its employment in preference to the compaaa, which 
till then was exclnaively relied on for surveys executed at aca. Flurien bad 
equally recommended astronomic eurveya. For naturalizing these scientific 
prooeeses in the practice of hydrography, it waa requisite that some engineer of 
a peculiar aptitude shoald devote himself with energy and peraeverancc to the 
application of the new inatrumenta and rigorous geometric methoda adapted to 
t£e accurate measurement of angles. H. fieaupni proved fully equal to this 
honorable misaion, and, thanks to bia unceasing efforta, the voyage of d'Entre- 
caateanx inaugurated tlic opening of a new era — that of precite kydrography. 
Idke all other branchee of human knowledge, hydrography has been advanced 
by degrecB. After the invention of the compaes, so far surpaaeed at a later 
stage by new instruments, tbe discoveriea of Chriatopbcr Columbus and of 
Vaaco de Gama gave ideas a wholly new direction. Subaequently the adven- 

[. Abel I>upetil 
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tBrons eucnasBTigatioiiB of tlie MiigeUans, UendaEas, Dntkca, TasmiiDB, wad 
DampierB, made known the principal ontlinei of tbe two ooeniB, bat widi very 
imperfect exactnew, bb ma^ be perceired {rom a glance at the old globes whicb 
B« still of firequent occurrence in Parii. That, according to the happy espres- 
gian t^ H. ViBeinain, was tke heroic agt •/* tXe navigtttiom of diteoverg ; the 
modern Argonants went forth in their aearcb for the golden fleece with an ardor 
Ijttle favonble to ByBtematic exploration, and which yet did not prcTeot them 
from overlooking the rich anrifatnu d^mBitS of Oalifomia and AaBtralia. 

Tow&rdB the middle of the eighteenth oentnry, after Baflbn had poblithed bifl 
NatMral Hutory, the tnste for ToyageB was revived under a form even then 
Boeh more adentific. In the conree of a few yean we lee Byron, Carteret. 
Wallie, Haverse the Pacific ocean, and make the tour of the world. Cook ia' 
•eat to Tahiti to obBerve. June 3, 1769, the paeiage of Venue over the disc of 
the Bon. He makes two other impmtant voyages, and after having traversed 
the Pacific in all directione, and penetrated into the fronen regions of both polea, 
imllB in 1779 beneath the weapons of the natives of the Sandwich islands. Cook 
semaiua the priacipal figure and ekaracteristic of this period ; bnt had fate per- 
mitted the inatructiona given to )a Peronse to have been completely carried 
o«t, the voyage of this Ust wonld, perhaps, have afiotded tke best example of 
what it was possible to accomplish with the faydrographic methods then in nsa. 
Theee different enterptises made knovm almost bB the lands and archipelagos 
with wluch the ocean is Strown, and farnisbed charts whleh already presented 
their general form with a great degree of fidelity. 

Last come the iydrograp/cic voyage* of preciiion. If the expedition of 
d'£ntreca8t«aiix tSen the first example of them, the voyage of the Compile, 
execnted nnder the command and pnbliabed under the direction of our wstin- 
guisbed ccJleagne, Captain Dnperrey, moBt, perhaps, be regarded as the most 
perfect type of this class of enterpriscB. To the same class belong the alnuMt 
too faazardons voyages of Bir John Bobh among the ices of the antarctic pole. 
taA those not less daring of M, Dnmont d'UrviUe. 

The hydn^iraphie study of the archipelago of Santa Crax, which retmnecl 
around K. Beantemps-Beanpr^ some of the most skilfnl officers of the frigate, 
did not so exclusively occupy the attention of Admbal d'EntrecsBtcanx and 
otlter chiefs of the oxnoditton as to divert their attention from the main object 
of their mission, whico was to seek for traces of la Peronsc. They cODBtantly 
eomtonnicated with the shores, questioned the natives, examined the objects in 
their possessioa, and observed, among other things, a piece of iron from the 
hoop of a cask, set as a hatchet ; but no one then suBpected that there was hero 
a vestige of the expedition of la FerouBC. The admiral has miuul«1y recorded 
the reasons why no importance was attached to the circumstance. 

Meverthelcse the chart of the archipelago of Santa OruE presents, in it« S£. 
portion, an island on which by a rather singular chance the admiral bestowed 
tke name of la Rtcherehe, after that of his own frigate sent in trareh of la 
Perouse. "We took the bearing of this island, says H. BeantempB-fieaupi^, 
for the first time from onr point of station at 30 minutes after 9 o'clock, 19th 
]fay, at a great distance, At noon, the same day, we again took itB bearing, 
and then lost sight of it." Situated at the southeaBt extremity of the archipd- 
ago of Hendafia, this island has been in like manner seen and lost sight of by 
not a few other navigators in whose track it lay, and who little imagined that 
ta PerouBe and his companions had paid with their lives for the honor of having 
previously discovered it. 

Thus two years earlier than d'Entrecasteaux, Captain Edwards, commanding 
the English frigate Pandora, had discovered, August 13, 1791, this same island, 
which he bad named Piil itland, and bad sailed around its southern shore with- 
out Buspecting that it concealed the remains of a world-renowned shipwreck. 
Thirty years later, in 1833, Captcun Dnpeirey, among whose officen was H. 
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Damont d'Urrille. paaaed in the corvette la Coquille, 2d and 3d Angoit, at 
about half a degree to the W.SW. of the ialaiia. Strong eaatwardlj winds 
prevented him from approaching nearer, but he took nnmerona bearings whi^ 
aerred to rectify the position of the bland, and then obeyed withont thongbt 
the wind which bore him away firom it, having hiniBelf no reaeoo for enppoBin^ 
that this obscure spot presented any trace of the expedition of la Peronse. 

Yet the veil was about to be withdrawn. Four years after, in December, 1827, 
and January, 1828, ii. Domont d'Urville was lyingwith the Aitrolabe in the 
port of Hobarttown, aitoated in those parts of Van Diemen'a Land which MM. 
a'fintrecasteaux and Beau temps- Beanprd had surveyed with so much care while 
they were still desert. Here reports reached him, vagne indeed, and even con- 
'trodictoiy, respecting a surprising discovery made by Captain Dillon, com- 
manding an English vessel, enga^d in commerce. 'Hiis mariner, it was said, 
had acquired authentic information relative to the shipwreck of la Feronse, and 
bad even brought away the handle of a sword which be claimed to have belonged 
to that celebrated navigator. 

Notwithstanding the alight authority for these reports, M. Dnmont d'Urville 
thought himself justified in modifying the roote which bis instmctions traced 
for him. He touched, February 10, at Tikopia, where he found among the 
natives a lascar named Joe, a stulor and native of Calcutta, who was the same 
that hod sold the sword-handle to Captain Dillon. This man, after a little 
hesitation, acknowledged that some years before he had gone to the VaniUoro 
Ulei, which are no other than the group of la Recherche, where be bad seen 
many objects belonging to the vcaseb of la Perouse; that he bad been then 
told that two very aged whites were still alive, but he himself bad not seen 
them. 

The next day, February 11, 1828. the Atirolabe euled for the Vauikoro 
islands, situated, according to the natives, about forty leagues W.NW. from 
Tikopia. The vessel came to anchor, February 14, at the place of it« 
destination, and renuuned till the 17th of March. M. Dnmont d'Urville, being 
quite seriously indisposed, could not quit the corvette, which, besides, woe, in 
more than one respect, not considered in entire safety ; but, after having inter- 
rogated the natives, be despatched in succession several parties commanded by 
responsible officers, with whom he associated bis feitfaiul surgeon, M. Gaimard, 
whose recent death has been a new occasion of sorrow to the friends of science. 

The chain of reefs which, at a distance of two or three miles, forms an im- 
mense girdle around Vauikoro, closely approaches the southern coast near Falon, 
in front of a place called Ambi. Here it is but a mile off, and it was here that, 
on a first visit, the native who preceded M. Jacquinot stopped his canoe in an 
opening between the breakers, and made a sign to the Frenchmen to look be- 
neath the water. There, at a depth of twelve or fifteen feet, were clearly 
distinguishable, scattered here and there, and imbedded in corals, anchors, 
cannons, bullets, and divers other objects, especially numerous sbeels of lead ; 
the wood had entirely disappeared. The position of the anchors seemed to in- 
dicate that four of them had sunk with the ship, while two others hod probably 
been let go. On a second vi«t M. OuilbeK succeeded in withdrawing from the 
reefs the following objects : An anchor of about eighteen hundred pounds weight, 
without a stock, mucn rusted and covered with a crust of corals apparently from 
one to two inches in thickness ; a cast cannon, likewise covered with corals, and 
so much oxydjzod that the metal readily yielded under the hammer; a small 
swivel of brass and a blunderbuss of copper in much better preservation, one 
bearing on its trunnions S48 as its number, and 144 as its weight ; the other 
286 and 94 for its number and weight respectively, with no other marks ; a pig 
of lead and large sheet of the same metal, t<^i;ther with some fragments of por- 
celain. The remains of a kettle hod been previoiuly procured at Noma, a vil- 
lage of the eoaet. 
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The following ia the arnonnt of the infonnation obtuned from the natives : 
Abont forty years previous to 1826, (which would carry us back to 1788, the date 
of la Perouse's disappearance.) one morning, at the cloee of a very dark night, 
during whitji the wind blew with violence from the BE., the islanders suddenly de- 
scried on the BOutbem coast, opposite the district of Taucma, an eaormouB pirogue, 
stranded upon iSe reefs. It was rapidly demolished by the waves, and so en- 
tirely disappeared that nothing was ever recovered from the wreck. Of the 
persons who manned it a few only succeeded in escaping in a bout and gained 
the shore. The following day, likewise in the morning, a second pinkie, 
similar to the first, was discovered on the rocks before Palon ; where, in the 
lee of the island, and less racked by the wind and sea, stranded moreover on a 
level shelf of twelve or fifteen feet depth, it remained some time in its position 
witboat being destroyed. This, Kke the first, bore a white ensign. The 
strangers who manned it landed at Palou, where they established themselves 
with those saved from the other shin, and immediately set about coustructing 
a small vessel from the fragments of the ship which had not gone down. Their 
ta»k was completed in six or seven moons, and, as most of tne savages averred, 
all the strangers lefl the island. A few, however, declared that two remained 
behind, but uat these had not lon^ survived. 

U. de Fromelin, who also visited these shores in 18S8, on the corvett« la 
Bayonnaite, and who had doubtless heard of the discovery of the English Oap- 
tain Dillon, ascertained by examination the existence of the remains of the 
French frigate on the reera of Vantkoro. 

It was a source of regret to U. Dumont d'Urville that he bad not been able, 
in 1828, to visit in person the place of the shiuwreck ; hence, when on a last 
and memorable expedition he traversed anew tne great ocean, he caused hie 
ships, the Attrolabe and the ZeUe, to lie to, 6th November, 1838, near the 
-eef of the southern shore of Vauikoro. Landiog in a sea too rough to admit 
f stopping on the reef, be discovered a space cleared of trees, which appeared 
to him to have been the spot where the parties from the wreck had pitched their 
camp. Near it he observed a large cocoa-nut tree which had been deeply cat 
around the trank at two metres above the gronud, besides other traces of the 
tue of the axe at a remote date, bnt beyond this he noticed no new indications. 

The two frigates mounted with cannon, which could be none bnt tboee of la 
Perouse, for no others were known to have disappeared in these aeas, had 
doubtless enconnteied, but with more adverse fortune, casualties similar to those 
which befell the frigates of Admiral d'Entrecasteaux ; of which one was near 
being lost on the Boaupr^ islands at the time of their discovery, and the other 
struck on a reef of zoophytes in the pass which forms an entrance to the haven 
of Balade, but was fortunately extricated. 

It was not an impoHsibility that the remnant of the crews of la Perouse should 
be saved in the bark which they had constructed, and on which they put to sea 
about the close of the year 1788. In fact, the English Capt^ Bligh, of the 
■hip Bonnty, abandoned in the midst of the South sea by his revolted crew, 
in an unde^ed shallop only twenty-two feet in length, passed, 18th May, 1789, 
about fifty leagues to the south, aud consequently almost within sight of the 
islea of Vanikoro, and succeeded. May 29, in reaching the coast of New Holland 
at the south entrance of Torres' straits, whence they made their way to Con- 
pang, in the uland of Timor. True it is, as appears from the romantic narrative 
of his adventures, that not to have perished a hundred times was dne only to 
the most astonishing good fortune. This fortune was denied to la Perouse and 
his companions, though the boat in which they left Vanikoro but a few mouths 
before was no doubt larger and better appointed than that of Bligh. 

In similar circumstances many others have succeeded in being saved. la 
reading the stirring recital of their various perils, we readily perceive that in the 
fote of la Perouse there is nothing enigmatical ; nor can the conclu«ioD escape 
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na that the expediUoa of d'Entrecasteanz mut have been condacted vitk as 
much abili^ as zeal, when we see on the chart of the archipelago of Santa 
Croz, by M. Beantempi-Beaapr^, two of tbo liuee of aurvey airected bj him 
upon the island of la Rtchercbe or Va*ikoro, meet precisely at the spot where 
eml lie baneath the wares the anchors asd eannona of one of the Mgatce of the 
illoatrioua and nnfortunate navigator. 

The ships of d'Entreeasteaox continaed in sight of the idUnd la ReeAav&t 
almost the whole of the 19th of Uay, 1793. Besides the inatraments of the 
aiHTey, there was no deficiency of tcleae^ies pointed towards the land, th/ongb 
which, if signals afler the European mumer hod been made, the piercing eyes 
of some of the mariners could upt fail to have deecried them. But the survi- 
Ton of the wreck were doubtless long departed or dead when the expedition 
passed, which was not till five years after the disaater. As to finding under 
the waters of the sea the romaias of the shipwreck, that would have been a 
stroke of good fortune such as seema in general not to have attached to aay- 
tkiog connected with the expedition of la Perouse. Perhaps, however, d'En- 
trecasteanx might have haa that mdaoeholy satisfaction, if his officers had 
paid more attention to the piece of iron, mounted as a hatehet, which was soeti 
Id possession of the natives of Santa Cnia, for it had very possibly been pro- 
eared from the remains of the wrecked frigates. But who wilt venture to say 
that in their circnmstanoes be would bimseu have divined it. 

However that may be, the homr had now come for the departure of the ex- 
pedition. Sailing from Santa Cruz it pursued its prescribed course, and thus 
separated itself more and more from the principal object of its research ; yet, 
thanks to the indefatig&Ue seal of M. Beaatemps-Beaupr^, it continued to ten- 
der eminent service to liydrography. It traversed the archipelagos of the Solo- 
mon and Louieiadc groups, t^ coasts of New Britain and New Guinea ; butada- 
Slorable incident awaited it on these obscure shores. Admiral d'Entreeaste&ux 
ied July 20, 1793, after a short illness which presented some of the symptoms of 
icorvy. The captain of the frigate VEtpa-oMee had already fallen a victim 
to fever in the port of Balade. Very soon scurvy and dysentery had decimated 
the crews which left France ia 1791, while the lose among the higher officers 
divided itself with impartial severity between Paris and Cobleutx. Not that 
there was any suspension (£ the surveys, which continued to u-oduce excellent 
charts, but a feeling prevailed that it was time to desist. The two frigates 
were turned towards the island of Java, ^td entered the port of Sourabaya. 
where the voyagers learned that the day of their arrival was not only October 
27, 1793, but, at the same time, the 6th firom^re of the year II. 

The expedition was here broken up and its different members returned sep- 
arately to Europe. In his passage, M. Bcautempe-Beaupr^ stopped some time 
at the Cape of Good Hope. He bad preserved the minutes of his charts, but 
tbe fairly executed transcripts, with ot^er scientiCc documents collected by the 
expedition, were captured on the return by tbe Eaglish, by whom, however, 
they were restored at a later period. Yet, to avoid the possibility of their dis- 
appearance, he employed the time of his stay at tbe Cape in making a new 
copy, which his friend 1&. Benard, chief surgeou of the expedition, undertook 
to convey privately to the representative of France in the United States of 
America. He himself embarked on a Swedish vessel, which landed him at Goth- 
emhourg, where S[. Fouraier, French consul, procured htm tbe means of 
re-entering his own country. 

Arrived at Paris August 31, 1796, after an absenee of five years, he rejoined 
his excellent friend U. Flenrieu, and resumed, under his directtoo, the prepara- 
tion of the Neptvme of tke Baltic tea, hmng at once named hydrographic engi- 
neer of the first class, and under-keener of the general depot of the marine. In 
1798 the editing and publication of tlie charts of the voyage of d'Entrecastcaux 
were officially confided to him. This great performance, viafsh did not appear 
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till 180S, was a woik of pn^nged exacatioa, but the co-operatico which he 
gATe it did not engross him ezcluBivelj, and from the 20th July, 1799, to the 
36lh June, 1804. ho was charged in chief with making the hydrographic eurrey 
of tho conree of the Scheldt, and with a succeaaion of other hydrographic mie- 
eioBB lehttive either to the Scheldt or to the coaata of the North eea. 

Admkal Boaily, director of the depot of marine, being designated at the end 
ot the campaign of 1808 to make an inepection of these labore, informed himself 
of the meUtoda foUoved by H. BeonteinpB-Beaupr^, ae well in fixing the poei- 
tiouB of chooU and of soundings as in the coDBtructiDn of the plan. He gave 
has complete approbation to these methoda, which coBBieted essentially in the 
eombimuioo of the accutste measurement of angles by meaiiB of the circle at 
r^ection, with the employment of the geometric principle of the " problem of 
tluee points, " a combination whose applictLtion to Bubmariae typography is one 
of the best titles of M. Beaotemps-Boanpr^ to the respectftd consideration of 
hydrograi^ters. 

In 1804 the NoMticai DtKription of the CoaHoftkt North Sea from CaiaU 
ta Otte»d was pubii&ked ondet the auspices t^ the depot of marine. This work 
giree in detail the description of the ahoalB which obstruct the port of Dunkirk, 
and of those which are ceraprised between Dunkirk and the entrance of the 
Scheldt, as well aa the nautical instructioDs neoesSBry for marineis who frequent 
those ahorei. The chart which accompaaieB it was reprodnced at the hydro- 
gnphioal office of Londoa, with an English title, as having beeu executed by 
Admiral Beautemps-Beaupr^ ; for the English were itot slow in ascertaining, 
though a little vaguely, that under that nune there existed a hydrographer 
worthy of the highest confidence. In the following years M. Beantemps- 
Bean^^ explored the course of the Scheldt, till then but little studied, aud, for 
tfae first time, demonstrated the practicability of the ascent of that river by 
sbipB-of-the-line aa high as Antwerp, on indication which fumiBhed a basis for 
the plans of the Emperor at that point. Charts of minute detail embody the 
meolts of these labors, before the termination of which M. Bean tern pa -Beaupr^ 
was advanced in his position as hydrogi'aphical engineer and officer of the 
marine, and was named ( Angtist 5, 1804) a member of the legion of honor. He 
had by this time, indeed, become 'pre-eminently the hydrographer of the Em- 
peror Napoleon. The latter, when a city or department required nn important 
and difficult construction, was accustomed to say : " 7 will tend Premy tkithcr." 
When the matter in hand was the elaboration of one of those great projects 
which be had so justly at heart for the re-establishment of our maritime power, 
he sent, without saying anything. U. Beaatemps-Beaupr^. 

After the catnpaiga of Austetlitz and the peace of Presburg, the views of 
the Emperor were turned towards the coasts of Dalmatia, of whidi the numerous 
inlets and islands, with thoir steep banks and deep cbaonelB, present magnifi- 
cent harbors, eqnally sheltered trom tho wind and the enemy, and of great 
importance to the Venetian marine. M. Beantempe-Beaupr^ received (February 
6, 1S06) an order to make the hydrographic survey of the military ports on tfae 
east shore of the Oulf of Vimice. lo tnis object he devoted three campaigns, 
m 1806, 1806, and 1809. Uc took plans of the whole coast from Tricete to the 
EBonlhs of the Gattaro, embracing the port of I'ola, and the still more magnifi- 
cent one of Calamota, near Ragusa. The ^lans and surveys of coasts which 
he executed have been published on a reduced scale, but the admirably drawn 
originals r<»nain one of the oraameots of the depot of marine. 

After the battle of Wagram he was sent by tieneral Maureillan, governor of 
2ani, to the headquarters of the Fronch army at Vienna, as bearer of a conven- 
tion of armistice relative to Dalmatid. He received, on this occasion, from the 
hand of the Emperor, the decoration of the iron crown. Being ordered to 
report himself, with his charts, to tho minister of marine at Paris, he had 
sesro^ arrived at that city when he woe named manber of a commission 
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cfasi^ed with dnties relatiog to military operations on the coast of Zealand, 
whero the English bod made a descent. Recurrence to bim was the invariable 
rulo in everjtning bearing on the affairs of tbe Scheldt, and in the intervals of 
his. labors in DaLmatia he had been repeatedly required to retnm tbitber. His 
indefatigable activity was equal to all demands. 

A new phase in bis life now opened to him. Tbe death of bis venerable 
master ana friend, M. de Flenrieu, had left a place vacant in tbe first class of 
tbe Institute in the section of geography and navigation. H. Deautemps-Bean- 
pr^ consented, with much distrust, to become a candidate. To make the report 
on bis titles to a nomination fell to tbe lot of M. Arago, who, observing tbe 
number and variety of hie labors, said to bim ; " Yo» mtut hare lined a hundred 
yean /" He had lived, however, but forty-four, and was nominated, September 
34, 1810, by a large m^ority. One of bis principal competitors was Admiral 
de Rosily, director of the depot of marine, bis official chief and constant friend. 
The transient rivalry produced no change in their feelings or relations. In oar 
peaceful contests, he who loses to-day frequently succeeds to-morrow, and the 
merit of one aspirant places in higher relief the merits of others. Admiral 
Eosily was himself an bydrographer of much experience and great knowledge. 
In 1737, during tbe voyage of la Peronse, he bad executed, by order of Uie 
King, on the uigate Venus, which he commanded, the hydbugraphic recon- 
naissance of the Red sea. In 181G, zealously supported by M. Bcautemps- 
Beaupn^, be, too, became a colleague of the Academy in the section of free 
academicians. 

In 1811 tbe empire had been extended as &r as Hamborg and Lubeck. M. 
BeautempB-Beanpr^, who, at the beginnbg of bis career, bad labored on the 
Baltic Neptune under M. Fleurieu, was now charged with the hydrographic 
exploration of the northern coasts of tbe empire beyond the Scheldt. From 
1811 to 1813 be made a series of surveys in the departmenta of Holland, as 
well as at the months of the £ma, the n eser, and the Elbe, in view of the estab- 
lishment of a great military port. Tbe decision, founded on bis investigations, 
being in favor of the Elbe, he was charged with the selection of the most 
favorable site on tbe left bank of that river, and made a complete hydrographic 
survey of its course. 

In 1815, during the hundred days, the Emperor, at a reception in the Tuil- 
leries, stopping abruptly before M. Beaotemps-BeanprlS, scud to bim, with an air 
of chagrin: " We are itill very far from the Elbe — and your chart* V "Sire," 
replied M. Bcautemps-fieaupre, " i considered it my duty to send them to the 
United States by an American vessel." " It it well," rejoined the Emperor, 
gratified at recognizing in this trait the man who had been tbe confidant and 
Sutiifoi inetrument of his great designs. At a later period tbe charts were 
remitted to the government of Hanover, and M. Beautemps-Beaupr^ was named 
a member of the Royal Society of Sciences of Gottingen. 

Justly honored for so long a series of services, he might have now resigned 
himself to a well-earned repose, but his was not the temperament for encb an 
indnlgence, and at an age when many think of closing their career he com- 
menced a new one. Since his return from tbe Cape of Good Hope in 1796, 
be had been unable, by i-eason of the war, to extend his labors beyond the 
waters closed to the enemy, and, with the exception of hie exploration of the 
coasts of tbe if orth aea, after the ptace of Amiens in 1802, he had been obliged 
to confine himself to some of the rivers of Germany and the equally protected 
inlets of Dalmatia. The return of peace again made the ocean free, and the 
opportunity of revisiting it was seised withdacrityby M. Beantemps-Beanpni, 
for whom it seemed to revive tbe brightest days of his eaily manhood. 

Admiral Rosily, director of the depot of marine, had the merit of imme- 
diately comprehending what tbe occasion required and allowed, and Lonie 
XVIII that of entertaining his proposals with favor, notwithstanding the em- 
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buraBsments of the times. Tte ordiDance directing tbe immediate prepara- 
tion of tlie pi/oC efthe foaiU of France was signed Jnno 6, 1814, but the labor 
could not be commenced till 1816. By an ordinance of the former date, M. 
Beantempe-Beaupr^ waa named bydrographic cngineer-in-chicf" and joint 
keeper of the general depot of the charts, plans, and journals of the marine. 

The condition of French hydrography at that time was an anomaly resnit- 
iBg from cireumBtancea. The administration of Louis XIV Iiad occupied itself 
with the hydrography of ihe coasts of Prance, and tho engineer Lnvoye had 
executed, ahont 1670, charts of the coaats of Brittany which were quite passa- 
ble, or at least very much superior to those which represented the partu of the 
coast comprised between the mouth of tbe Loire and the shores of Spain. A 
century afterwards, in 1776, the government ordered a hydrographical recon- 
naiasoace of tbe coasts of France under the superintendence of la Brcttonniere, 
captain in the navy, and Mechain, astronomer for the marine and member of 
tbe Academy of Sciences ; bat it would seem that those distinguished pcrson- 
agea were rather charged with the collection of materials for rectifying the 
errors of the old charts, than with tho execution of such a (I"t:iited and com- 
plete survey as might meet tbe wants of the service nuder nil circumstances. 
There remain in the archives of the depot of marine but few documents rela- 
ting to their operations, which extended, however, from Dunkirk to the Bay 
of Cancale. 

Since that timo geography had made in Prance important advances with 
which hydrography had by no means kept pace. Before the close of the 
ogbteenth century thero were geographic charts of a great part of the globe, com- 
petent to convoy a general and suffaciciitlv prcciec idea of tlio continents and 
Mas. Franco particularly had been enriched with the map of Cassini, known 
also by the name of the map of the Academy, a work of great merit for tbat 
time in point of execution, and of great utility. It may be said, however, with 
truth, that towards the end of the last and in tbe first years of the present cen- 
tury, the art of constructing geographical charts received improvements by 
which it waa essentially revolutionized. This amelioration waa coneequeat 
■pon the eatablisbment of tbe metric system, which had necessitated the meas- 
urement of tbe meridian of France, from Dunkirk to Barcelona, and afterwardi 
to Formcntero. To the chain of triangles established in tbe execntion of this 
measarement a comprehensive triangulation was subsequently attached, ex- 
tending over tbe whole of France, and in the seqnel over considerable portions 
of Bpain, of Italy, and of Great Britain. In tbe prosecution of these vast and 
difficult labors several members of the Academy have borne a conspicuous 
part: MM. Delambre, Mechain, Biot, Arago, Mathtcu, Puissant, in conjunc- 
tion with most of tbe members of tbe corps of topographical engineers and 
sundry officers of tbe military staff. On the triangles of the meridian has been 
ba»ed the trigonometric aystem of the new map of Prance, published by the 
depot of war. lu England, savants of the highest merit, Colonels Mndge, 
Boy, Sabine, and tbe moat diatingnished officers of the ordnance corps, have 
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"All the world appreciates tbe MrvicM reudered bj M. BeautempB'Beaupr^ wiifa a eeal, |>«r 
WTemnce, and talont above all praise ; but I, who have tuaiatain^ doau fklutioog with hiu 
for many jesn, cannot but regard hiiQ wstb liniwre atUcbmenC. and owe liiai many Ihaoki 



for Ibe proors of frienOsfaip which be bos alwajs giren roe. There ore persons who, witbont 
' tcAit clum, are always soliciUnB ; tboee ere namerous. There are oibers, forming but a 
II minority, who, with the most lacooteBlable claims, never solicil anylbiog. Tbe fact is, 

■■■■'' "---en ytsuHof my official relations with M. BcBU" " ' ' 

niton by bis labors, but xtmvt once invoked il 
I* bat [igbt that juMioe and ftiandabip aboiiU 
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combined tbeir operations with those of oar own eoontoTineii, and have eooi- 
menced the pablicMion of a magnificent chart of England, deaignated bjr Uw 
name of the Ordnance Map. 

To place French hydrography on a level with geography, while rescning 
It from the momentary abandonment which war bad neceeeitated. was now the 
object of interest. The instmctionB which U. Beaatemps-Beanpr^ receired 
for this pnrpoBc were framed by Admiral Roeily, chief of the marine depot, 
and M. de Rossel, who had become one of its joint directors, after having aided 
In the hydroe^phical labors of the expedition of d'Entrecasteaox. These in- 
BtructioDB indicated the west coast of France as first claiming attention, aince 
among all those to whose hydrography navigators had need of daily recor- 
rence, this was most noted for its defect of exploration. It was to Bttet, 
therefore, that M. Beantemps-Beaapr^ repaired, and here two schooners had 
been built for him, whose names, ta lUekerckt and FAttrolahe, gratefolly re- 
called the memory of la Peroose and d'Entrecasteanx, To these were joined 
the light vessels necessary for the accomplishment of his mission. 

In indicating the objects proposed for hie attainment, he was left at liberty 
to adopt that mode of operating which long experience in labors of thie nature 
might induce bim to select. He thus found himself anthorined either to noite 
all the means placed at bis disposal on a small extent of coast, in order to pro- 
duce promptly a description of it, or to distribute them over several points ftt 
the same time. 

The first was the mode on which he determined ; as well becanee be had 
already proved, as he himself tells us,* its efficiency under various circom- 
Btances, as because it was the only one which would enable the depot of mariBe 
to publish in Boccession the collective results of each campaign. By cODcen- 
trating the operations of the engineerB sncccsBively on small extents of coast, it 
was in hu power to verify in some measure daily the labors of each of his as- 
sistants. Thus, for instance, when an engineer, in sounding, encountered some 
obBtmction which bad escaped former reeearcbes, he gavo notice of it, and M. 
BeautempB-Bcaupi^ was in a position to make a personal investigation imme- 
diately. To this mode of operating be owed the advantage of being able to 
combine all bis means at the same moment on a dangerous positio'n, when the 
weather was favorable. In thie way he has often succeeded in ierminating in 
a single daV, or even a few honrs, the examination of dangers sitnated far in 
the offing, tne deecription of which woold have required the employment of an 
isolated engineer during a whole season ; of this kind were the reconnaissaaces 
of the western extremity of the bank and race of Sein, the flats of Bocho- 
Bonne, kc. 

The years 1816, 1817, 1818, were exclusively devoted to the survey of the 
maritime position of Brest, and its results, forming the first part of the PUotm 
FranfaU, were published in 1822. The operations of 1819, 1830, 1821, and 
of tiie first part of 1622, embraced the snrvey of that part of the western 
coast of France comprised between the point of Fenmarch (Finisterre) and 
the isle of Yen, (Vend^,) and famished the materials of the second port 
of the above work, published in 1829. From 1828 to 1826 the survey was 
extended to that part of the coast comprised between the isle of Yeu and Spain, 
and its results appeared as the third part in 1832. In 1839 the fourth part 
was given to the world, representing the labors of five years from 1829 to 1833, 
and embracing a description of the coast between the isle of Brehat and Bor- 
lleur. In IsJI, 1635, and 1836, the operations were extended &om the latter 
point to Dunkirk. Finally, in 1837 and 1838, the Bnrvev; was made of 
that portion of coast comprised between the isle of Brehat and the 

* Ezfoti dit Traeauz Pttatifi a la RteonnaUtanct Hfirorn^UfBt Ja CMm tTrn'ifiiafafM 
■^ /Vasce, par U. BeaoUmps-BtaaprtH p. 8. LiOOOic 
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BOTtheni rocks of the Passage da Four, (Fialsterre,) vhere operations had 
stopped in 1818. and thus were completed the materials for the fifth and sixth 
parts of the PiloU Franfai*, which appeared in 1842 and 1844. The six 
atlases contain twenty-one gieneral charts, sixty-five epecial charts, thirty-one 
plans of double elephant Bixe, fifteen of half elephant, and fourteen of quarter 
elepbaot size, two bandred and seventy-nine tables of surveys taken of the 
principal dangers of the west and north coasts of France, and one hundred and 
eighty-four tables of high and low water obserred during the progress of the 
twenty seasons spent upon the same coasts. The account (I'Expoti, &c.) 
of these hydrographical labors, executed under his orders, was so drawn up by 
H. Beanterope-Beanpr^ as to serve as the complement to the second chapter of 
the appendix attached to the first volume of the voyage of d'£ntrecasteaax. 
In jastifying this form of composition, he pleads that, when that appendix was 
published, his practical knowledge of the best means for reconnoitring maritime 
obstmctiona could not be so positive as that acquired during his first tea cam- 
paigns (1817 to 1827] on the coasts of France. It is certain, nevertheless, that 
in everything essential his method was definitely fixed at the time of the pub- 
licaUon of d'Entrecasteaux'a voyage in 1808 ; and in the prel'aco to that work 
it is thus spoken of by M. de Rossel, an anthority of undoubted competency ; 
" Navigators will in general find in this appendix bydrographic instructions of 
a far more complete nature than any heretofore published. M. Beantemps- 
Beaupr^ has here given also several expeditious methods for sounding a coast 
and marking the depths oo the chart. These methods, of which ho availed 
himself for his operations conducted on the coast of France, (before 1808,) by 
order of the minister of marine, are so useful that it would be unjust to with- 
hold them from navigators, as well as those of which be made use during the 
caiDpaigu." 

From these judicious observations of <me of the masters of hydrogiaphie 
■eieace, it will readUy be inferred that the operations which M. Beautemps- 
Beanprd conducted on the coasts of France differ in several essentisl particulars 
fitim those with which he was habitually occupied in the voyage of d'Entre- 
easteaux. In the latter, which pertain generally to what is c^led ntrveying 
latdtr taii, the end principally in view was to fix the position of the remarkable 
obiects seen on the land, capes, mountains, &c., by means of observations 
directed towards those objects from certain points in the course of the ship, de- 
tenoined with especial care. The operations on the coasts of France, within 
■n extent generaily less wide and with much less rapidity, had in view to fix 
Tsxions points of the sea, rocks, places of sounding, &c^ with reference to cer- 
tain objects determined on land, mountains, steeples, semaphores, and other 
signals. This was almost an inverse operation to the preceding ; yet this also 
required nnmerous admeasurements of angles, which were obtained with the 
same reflecting circle, and the geometric constructions were derived essentially 
from the same trigonometric principles, although the proposition of the " problem 
of three points" was hero more frequently employed, 

Aa the hearings taken from the sea were directed upon all the remarkable 
objects of the land, it was necessary that the position of these should be deter- 
mined by geodetic measurements made ashore with all the precision attainable 
l^ science. For this reaaou a triangulation was executed on land embracing 
afi the points of the coast This was effected for the western coasts of France, 
from Brest to Saint Jean de Los, by U. Dauasy, and for the northern and 
wrathem coasts by U. B^got, both members of the corps of hydrographical 
engineers of the marine. These triangnlations have been connected with the 
gnukd triangulation which serves aa a oase for the new chart of France pnb- 
Usked by the corps of the ttat-mt^or, and have been found so exact that they 
. hare been finally incorporated in that fundamental system. MM. Dauasy and 
Sdgat have deduced from their trigonometric labon a complete table of the 
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poBitioDB of all the rcmnrkable objects of the coasts of France which can he 
seen irom the sea ; and it was by bearings directed upon these points, rigor- 
onslj determined, that M. Beau temps- Beaupr^ and hia assistants fixed the posi- 
tions of the points of the sea which were to be marked on the charts and plans. 
The bearings were inTariably taken with the reflecting circle, in the manage- 
ment of which valuable ana delicate instrnmcnt M. Beau temps- Bean pr^ had 
acquired great dexterity. Nor was lie less expert in constructing graphically on 
the first roogh drangbt of his chart the points observed by his mcibod, founded 
on the geometrical principle of the " problem of three points." He was 
master in a snrpriaing degree of the varied constructions deducible from this 
principle, and applied them, as the case might require, with the utmost readi- 
ness and sagacity. 

It is osnaily by means of the circumferences of circles described with the ob- 
served distances that the points of station are obtained ; but when this constrao- 
tion presents some difficufty by reason of the length of the radius of the circle, 
the nearness of centres, &c., it is practicable to substitute one of those somewhat 
numcroua and generally quite simple constructions which elementary geometry 
dcdacea fi'om the same tundamedtul theorem. Thus, in many circumstances, 
calculation may be used to find the radii and centres of the circles to he described. 
M. Bcantcmps-Beaupr^ recommends fbr these constructions, combined with 
calculation, the employment of the tables of natural tangents and sines. 

The scale adopted by the hydrographic engineers for the first reduction of 
their labors was six lines for 100 toises, or T^n il' ^qoAl to six times that of tbo 
chart of Cassini.- The charts, and even plans, however, have been generally 
published on a scale much smaller, but K. Bcantemps-Bcaupr<^ soon recognised 
.the propriety of not only collecting the materials requisite for the execution of 
the new charts of the coasts of France, but of exerting himself, moreover, to 
bring together in the archives of the depot of marine all the documents which 
might be useful in the sequel for forming a jndgment of any projects relating 
to navigation. He saffercd himself to be deterred neither by the difficulties nor 
magnitude of the work, and the depot found itself eventually in possession of a 
collection of five hundred and twenty-seven quarto volumes, containing the 
docamentB requisite to execute at need, on the largeBt scale, the plan of all parts 
of the western and northern coasts of France to which the attention of govern- 
ment might bo called. 

One of the most essential and useful ports of marine charts is the indication of 
the depths of the sea at dificrent points ootained by the sounding line and denoted 
by figures on the chart. M. Beautemps-Beaupn! was eqnally skilled in making 
and in marking the positions of sonndings, and it is with the authority of a 
practised master that lie recapitulates in the Expote des Traranx, fy:., the rules 
of the difficult art of submarine topography. It was seldom that an obstruction 
or peril escaped him, though he ecema to take pleasure in citing, for the instruc- 
tion of his successors, instances in which his researches were baffled for years 
in succession. One day notice was given him that a vessel had touched upon 
a rock at a point where none was known to exist. He sought for it n long time 
without sncceas, but at last his line fell tipon it. The rock was simply a peak 
whose diameter scarcely exceeded that of the lead of the sounding line. 

It is necessary to take account in soundings of the constant variations of the 
ittA of the sea by reason of the tides. *' The first thing to be done," says our 
Iv-iTwerapher, " at the commencement of a campaign, on a coast where the water 
si.-.-^n ihis cause continually changes its level, is to place a certain number of 
vr^W. prided into feet and inches, on which those changes shall be observed, 
«mM ^ is by means of observations of this kind that we are enabled, in giving 
hv .'itnn it) definite form, to reduce to the lowest water level the soundings 
WKv tf all hours of the day and tide. To reduce the soundings is to subtri^ 
t«^ jM dB)i^ found on different days and at all houiB of the tide, for every 
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point of tbo coaet eouudcd, the suitable number of feet, in order to transfer to 
tlie plan only tbe depths of water found at each point at the precise instant of 
lowest depression. The tables of high aDd low tide, at vaauj principal points 
on the coasts of France, are extracts frem the lai^ body of observations which 
served for the reduction of the soundings." (Expose dci TVaraux, Sec, p. 10.) 
Aa M. Beau temps- Beau pr6 has more than once remarked, tbe soundings in 
many parts of the sea are far from being necessarily unchangeable. It is readily 
conceived that they must vary aa well from the effect of deposits produced at 
Bonie points as of erosious which take place at others. He had said, as early 
as 1804, in hia nautical description of the coast of the North sea: "Weforewam 
navigators that our work must not be regarded as everywhere authoritative, ex- 
cept for a limited time, on account of the changes which arc in progress in the 
Ebools upon these shores." To the same effect he observes with reference to 
the western and southern coasts of France : " All banks of sand and ooze un- 
dergo changes of position and of depth of which iiavigatora should ever be dis- 
trustful, since tbe best charts can only give, as r^ards dangers of this kind, 
insufficient infonnatton when some time haa iuterveiied siuco their construction. 
And this applies especially to such bonks when they obstruct the mouths of 
rivers. Hence the necessity of sounding annually the principal channels, and, 
indeed, of frequently renewing the charts of the entrances of rivers." It may 
be added that the comparison of the successive charts of tho saroe region will 
some day furnish valuable data respecting the accumulation of sub-marine' ' 
allaviums. 

It was to the cloas of researches just spoken of that our colleague dedicated 
hia last bydrographic labor. He had not taken final leave of the sea in closing, 
in 1839, his survey of the northern coast of France. In 1841, at the age of 
seventy-five, be cheerfully complied with the invitation of Admiral Daudin to 
join bim in an investigation of tho changes produced iu the system of bars at 
the mouth of the Seine within the seven preceding yeara. It was then that for' 
the first time he had at his diepoeat a vessel moved by steam, and tbe superior 
facilities thus fumisbed for bydrographic enterprises drew from him the remark, 
" That he would gladly recommence his career if it were only for the pleasure 
of prosecuting hydrography with such advantigea." 

Though be cheerfully acknowledged that the marine hod done in his behalf 
all that was practicable, yet be bad never, daring his operations on the coasts 
of France, poaacascd other resources for transportation than those supplied by 
the sail and oar. He had generally at bis command a company of eight or ton 
hydrographical enghicers and officers of marine, and from this school of prac- 
tical hydrography have proceeded many of each class who have since been in- 
trusted with the most important labors in remote aa well as neighboring seas. 
Among them have appeared at different times our present colleagues, M. Daussy, 
Admiral du Petit Tbouars, and M. Dortet dc Tessan; MM. Givry and Oressier, 
to whom was intrusted, under our diatinguished and regretted colleague. Admi- 
ral Bonssin, the hydrography of tbe coasts of Brazil; MM. Monnier and he 
' Botirguignon Uuperre, who havQ furnished us a magnificent chart of our colony 
of Martinique, and have commenced the bydrographic survey of our Mediter- 
Toneon coi^te, and thoHe of Italy ; MM. Begat, Keller, Chazailon, Lisusson, 
Celamarohe, de la Boche-Ponciti, now actively prosecuting the grand hydro- 
graphic enterprises of the depot of marine; MM. Darondeau and Vincendon 
Unmonlin, who have so honorably associated their names with otir great voy- 
ages of circumnavigation and other important labors; MM. La Saulnier do 
VanheOo, Lapierre, Jebcnne, .De Villeneuve, who, aa officers of our marine, 
have in different quarters of the world rendered signal services to hydrography. 

Familiar with all the hazards of the sea, M, Bean temps -Beauprd exercised a 
consummate prudence in the employment of bis assistants, and ivos justified in 
»yjng to the Academy, when he presented it with the sixth and last volame of 
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the PiloU de France i " It completcB the Batisfaction I feel at having broogbt 
to a Bucceesfnl close so considerable a work as that which I now Bubmit to the 
Academy, that never in the course of twenty campaignB, amidst the tnnnmerable 
dangers which beset oar coasts, have I had to deplore the loss of one of my 
comrades by any accident of the sea." Nor was he less emphatic in acknowl. 
edging the seal aod science of those who had taken part iiiliis labors, and we 
feet that it was with eqaal pride and pleasure that be took another occasion to 
Bay ; " Practical knowledge may advance, and methods be hereafter improved, 
bat we believe oarselves fully justified in affirming, that under no circumstances 
can greater zeal be eiertcd than has been displayed by all our fellow-laborers." 
Hence, when Lonis Philippe, in 1844, named him grand oflScer of the legion of 
honor, the entire corps of hydrographical engineers felt tbemsGlvca recompensed 
in the person of their venerable chief. 

Kindness of disposition did not preclude, in the case of our colleague, great 
firmness of character, as was abundantly manifested amidst the vexations in- 
separable from labors like his ; especially was his constancy of purpose proved 
by a circumstance which would have discouraged most others. Although he 
embarked young, and at the outset was tossed for two successive years on the 
most stormy seas, ho ceased not at any time to be subject to sea-sickness, and 
it was amidst Bufferings from this malady, which bo completely subdues tho 

■ stoutest spirits, that for fifty years it devolved on him to measure angles with 
the nicest precision, and note the details of sountings, while exposed on slight 
vessels to the waves which often swept over himself and his drawings j yet he 
paid no atteotion to these things, and disliked to have his infirmity observed by 
others. To bu assistants, however, his Bufferings could not be unknown, and 
roust have contributed to the sympathetic affection with which he was regarded 
by thoae, whether officers or mariners, with whom his labors brought him into 

■ contact. 

It was indeed natural that, with such a character as his, M. Bcautemps- 
Beauprg should be luved by all who approached him, and it may he readily 
imagined that the 25th September,. 1648, which witnessed his official retirement, 
was, for the depot of marine and the whole corps of hydrographic engineers, a 
day of nndisspmbled regret. Equally may we conclude that it was a day of 
festivity when, February 2, 1853, M. Ducos, minister of marine, came, in the 
name of the Emperor and in the presence of the corps of engineers, to inaugurate 
the bust of oar colleague in the grand gallery of the depot, whose invaluable 
documents have in great part been collected by himself or under his orders, or 
at least by the methods with which he bos endowed byflrography. On this 
interesting occasion. Admiral Hathieu, the worthy and learned director of the 
depot, pronounced a discourse,. from which I must content myself with trans- 
cribing the following passage: "In having constantly before our eyes the ven- 
erable features of him who was once our chief, and who has created that admi- 
rable hydrographic science which is the torch of navigation, we shall recall 
without ceasing his vast and conscientious labors, his useful counsels, his devo- 
tion to duty, bis rigid probity, and at every moment of the day, so to speak, wo 
shall pay him the tribute of respect and gratitude due to him by so many titles." 
To this address M. Ducos cordially responded : "This bust," he said, in closing 
bis remarks, "is entitled to oar respect, for it is that of M. Beautemps-Beaupr^, 
flo much endeared to the navigators of all nations and of every sea. In dedi- 
cating this effigy of the man of science, whom you justly consider the fonnder 
of the depot of marine, in the place which has been the witness of the labors of 
bis long career, it would Beem to be no stnuned metaphor which should likea 
this tribute of yonr regard and veneration to one of those beacouB erected by 
bis counsels and exertions by which you would ingeniously recall to his snc- 
ceasore the modest point of departure, and the glorious point of saccess whiiji 
they too may realize." The bust is perfect in its resemblance, faithfully repro- 
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da^ff the noble features, the kindliness, united with penetration, which cbarao- 
terized the original. Under a phyeiognomy impressed with so much goodness, 
we are easily persuaded that we see one of tlioBe ancient savants of the primitive 
type whose renown is the property of ages. To the skilful stataary (M. 
Desprei) who executed it, the more honor should accrue, inasmuch as M. Bean- 
tempe-Beaupr^ bod reached the age of eighty-six without having ever pen&itted 
any one to take bia portrait. After the ceremony, the minister, the admiral, 
and the whole body of assistants proceeded to the modest residence of H. 
Beautempe-Beaapr^, in the street det SainUPerei, there to render to the illns- 
trious old mau in person, and amidst the apptanse of all present, an homage 
which must have sensibly touched bis heart. 

Nor were the scientific bodies, to which he belonged by mora than one 
title, less conscientiona in their acknowledgments. In 1834 he had been named 
member of the bureau of lon«tudes, and asaidnoualy attended the meetings 
whenever he was in Paris. His advice in all that regarded navigation was 
here listened to with invariable deference. He had been also named one of the 
commission of light-houses from the commencement in 18^6, and was especially 
intrusted with the suitable location of those invaluable aids to navigation. The 
active and influential part which he took in the deliberations of the board was 
warmly acknowledged at his flmeral by M. Leonce Rnynand, the skilful con- 
structor of the light-house of Brehat, the site of which was fixed by M. Bean- , 
temps-Bcaupr^ himself, after the difficult and dangerous exploration of the ' 
Rochet- Doacrei at the entrance of the British channel. His character, his long 
experience of the sea. his solicitude for the poblic good, conspired, with the 
inbinsic wiadom of his counsels, to secure their constant adoption. Even on 
his death-bed bis thoughts were still occupied with the interests and dangers 
of maritime enterprise ; and if he manifested a aensibiltty, it was to the assur- 
ance that the member of the commission of ligbt-honses had completed the 
work of the hydrographer, and that thenceforward ^1 important questions 
bearing on the lighting of our sea-coast were resolved. 

Whatever related to the sea interested him to the last. In 18S3 a commission 
was appointed to investigate, under the direction of M. Dnmas, certain ques- 
tions touching the existence of the tongue, a product of marine origin which the 
sea throws up at the entrances of certain rivers of Normandy and Brittany. 
Agriculture dreaded the disappearance of this fertilizer. Tlio commission, de- 
■irooa of consulting H. Bcantemps-Beaupr^ on this production of chorea which 
he bad so thoroughly explored, repaired in a body to his residence. The aged 
navigator recovered all his animation in speaking of places which he had so 
often visited: "We know not," he said, " how Uie tangue is reproduced at 
those points; it \& tha Jowl which lay» golden egg* ; it must not be interfered 
with." 

In the presence of the great spectacles of nature. Sf . Beautemps-Beaupr^ had 
contracted a taate for natural history. If he did not cultivate it himself, he 
sealonsly aided those who did. In the expedition of d'Entrecasteaux he had 
formed intimate relations with its botanist, M. de la Billardiere, and it was he 
who brought to France the beautiful nautdua vitri now in the Museum of 
Natural History which was bec^neathed to the government by H. de Kermadec, 
captain of ^he Etperaitce, on his death in New Oaledonia. Many of our ool- 
leagues recall with sensibility the cordial and obliging reception extended to 
them on our coasts by M. Beauterops-Beanprd whUe prosecndng his own 
■rduous hydrographic labors. 

Beared among the savants of the close of the eighteenth century, he bad pre- 
served that almost religiods reapect for science which was one of their dis- 
tinctive characteristics. Hence the dignity, united with friendliness, which per- 
vaded all his relations. "He was," said the Marchioness de Laplace, whoae 
temembrancB is itself a eulogy, " a man of an antique character." He p<>ese«ed 
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that elevation of sentiment which Plutarch bo well knew how to paint. BeToisea 
of fortune, which would have overwhelmed another, were encountered by him 
with Btoic firmucBs. Involved at an advanced age in the failare of a banker,* 
he lost by that event the savings of hie whole life ; but he contented tumaelf 
with Baying affectionately to !ftladame BeautempB-Seaupr4, " This event, my 
Jove, makes ua younger by thirty years," an expreasion which BupnoBed in her 



an elevation of Bcntiment equal to hid own. Few marriages, indeca, have been 
so happy as that which he contracted, in 1804, with Uadame FayoUe, widow 
of a commissary general of marine. Both were nearly eighty when death septk- 
rated them by the removal of the wife; it was the first cloud which bad dark- 
ened their union. 

U. Fayollty iBsue of the first marriage of tladame Beau temps-Scan pr^, found 
in our colleague a second father, and, as hydrographical engineer, was for many 
years one of bis moat distinguished and useful assistants. 

M. Beautemps-Beaupr^ had always had a weakness of the breast ; at the ag« 
of eighteen some physicians had even augured an early decline. When ua 
emboi'ked tu take part in the expedition of d'Entrecasteanx, it was generally 
thought that he would never again see France. This prognostic was fortu- 
nately falsified ; but an obstinate cough attended his whole life, and in later 
years subjected him to mneh annoyance. 

It will scarcely be forgotten among ourselves that, at our sessions, he was ft 
model of punctuality. He signed our record the 23d of Octol>ci', 1853, but 
thenceforward was forced to renounce his attendance. This privation, and the 
Bufieriuga which occasioacd it, he bore with a resignation full of cbeeTiulaesB. 
One of our colleagues having called to see him, and expressing the hope that a 
strong couBtitutiou would again restore him to us, he replied with a smile, " I 
un duly Bensible of vour kindness, but I hIioII soon be eighty -eight." Fi 
s Christian faith, M. Ikantemps-Beaupr^ accepted death' without a mu 



"Let us not repine," said Admiral Baudin at his grave, " that, in subjecting 
him for several mouths to the supremo trial of excessive sufferbg. God u£brdea 
him the opportunity of setting an example of resignation and unalterable 
serenity," 

lie expired March IG, 1854, surrounded by a devoted family, which number* 
two iuheritors of his distinguished name — M. Pierre Beautemps-Bcaupre, presi- 
dent of the Chamber of Commerce of Grandvilie, and H. Charles Bcantemps- 
Beanpr6, imperial procurator at MantoB. In this Academy he succeeded AI. de 
Fleurieu, hia master and friend, and has himself been succeeded by H. Danssy, 
who, from 1811, had been his most constant collaborator, and who efficiently 
contributed to secure to the faydrographic survey of the coaBts of Francs 
geodetic bases of irreproachable precision. 

* Tlie banker, who was liia relative, might have been prosecuted foi Traudulent bonk- 
Tuptcj. M. BtaulcD]p6-lfeaupr6 [brow In the fire the oqIj paper which could huve pro- 
COTM his condenmatioii, Mjing, " It is not 1 who will ever be instnuuenlal in disgracing a 
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" Tbs principal advantage of academies consists in the philosophical spirit natnraltj v. 

' ' ■' ' ■"'" a- ^.--if-i I - - . ■ ._ - J __..._. .jj (jiolqocts. ■"' 

ho only heats 
d BociBt; the conSlct of systotniitie 
opinions soon results in Ihcir overthrow ; and tho desire of being niiitua]]}' sntisScd Dcccsaariij 
astsblishes bctneon the members an Agreement to admit nothing but the resnlts of obsen'alioa 
and cBlcnlation. Hence, »b eipcrience bus shown, true philosophy has been genorallj' dif< 
fnsed since the rise of academics, iij setting the example of siibjccling crerything If '"" 



Eidered by them, which spreads itself throughont soriotj, and eKtenda t<i a 
lated inquirer ms^ resign himself without tear to the spirit of system ; ho only heats afv 
off the coDtrodiclion which ho incurs. But in a lenined sociBt; the conSlc 



» rigorous nualyaia, the; have dissipated tho prejudices whicli bod too lonK 
trraDnized in tho icienuts, and in which Iho ttest intellects of preceding ages had shared. 
Their nsefal iDflnenco over opinion has, in our day, dispelled errors which hu been jTCcived 
ailli OD enlhusiasni tbat in other times would have perpetuated ifaem. EquaHy ciem^tfrom 
the credulity which would admit everything, and the prejndice which disposes to the r^ectioa 
of whatever departs from received ideas, thcso enlightened bodies have always, in difficult 
qoeations, and with reference to extraordinary phenomena, wisely aw^ted the answers of ob- 
■erralion atld experiment, which Ibey have at the same time solicited by prixes and by their 
own labors. Proportioning their appreciation, as well to the magnitude and difBcnlty of g, 
discovery as to its immediate utility, aod convinced bj many examples that the most sterile 
in appearance may some day lead to impnrlant consequences, they Jiave encouraged the re- 
seaich for truth in regard to all objects, with the exclusion of those only which the limits of 
man's understanding render forever inacceseible. Finally, it is from their bosom that those 
great theories have arisen whose generality places them beyond the common reach, and which, 
•preading themaelvca by numerous applicalions over nature aod the arts, have become inex- 
haustible sources of light and fruitiun. Wise governments, convinced of the utility of such 
societies, and considenug them as one of tho principal roundations of ibe glory and prosperity 
(d' empires, have not only instituted them, but attached thorn to their own service, that they 
might derive from them that hnowlodge which has often proved of the highest pubUc advan- 
ta^." — (Laplace, Prtcia dt VHitloira dt t' AiironomUiy. 99.) 

" The development and adrancemeDt of science," it has been remarked, " are 
signally indebted to three among modern associations '; the Accadcmia del 
CimcDlo at Florence, which endured, however, but for a short time ; the Royal 
Society of London ; and the Academy of Sciences at Poiis." The lirat of these 
was established iu .1657, under the patronage of the G-rand Dtike Ferdinand II, 
acting upon the advice of Viviani, tlie great geometrician. The name adopted 
by thid society implies as its object the investigation of trath by experiment 
alone, and its members, wboeo number was unlimited and inclnded the distin- 
guished names of Castellio and Torricelli, were held to no other obligation but 
«a abjuration of all authority and a resolution to inquire after truth, without 
regard to the doctrines of any previous system of philosophy. Nor did the 
Academy pass away without leaving a record of its labors. A volume, con- 
taining rejiortj of the expeiimenta made under its auspices, was printed in 1666, 
ictcladiag, with many others, those on the snpposed incompresaibility of water, 
the uuivciaal gravity of bodies, and the property of electric snbstances. 

For England, after Italy, is claimed a priority in the Jbrioal inaogUHUioB of< 
similar and purely scientific association, aad tlie date of the estaUiahmeat of 
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tb« Bojal Society, wbicli ii referred to 1660, certainly preceded by aaz yeus 
that of its French rival. But, independently . of the consideration that the 
period had arrived when the state of experimental science urgently demanded 
the realization of those splendid visions of associated activity which had long 
before kindled the imagination of Bacon, * the chronological origin of the illus- 
trious bodies in question is involved in some obscurity in consequence of their 
previous existence bb private and spontaneoua reunions of certain learned men 
of the age. Ilence the title of the " Invisible College," which we find applied 
by Boyle to the future Royal Society, while as yet it existed only in this in- 
choate state, a period of which the following passages convey to as some inter- 
esting notices : 

" About the year 1645," says Dr. Wallis, "while I lived in London, (at a 
time when, by our civil wars, academical studies were much interrupted in 
both our universities,) besides the conversation of divers eminent divines as to 
matters theological, I had the opportunity of being otMjuainted with diveta 
worthy persons inquisitive into natnral philosophy and other parts of human 
learning, and particularly of what hath been called the Neto Philatophy, or 
Es^erimaUal FhUotopky. We did, by agreement, divers of us, meet weekly 
in Loudon on a certain day, to treat and discourse of such matters. Our busi- 
ness was (precluding matters of theology and state affairs) to discourse and con- 
sider of philosophical inquiries, and such as related thereunto, as physic, 
anatomy, geometry, astronomy, navigation, statics, magnetics, chymics, me- 
chanics, and natnral experiments, with the state of these studies as then culti- 
vated at home and abroad. Wo then discoursed of the cireulalum oflAe blood, 
the talees i» the rem*, tie vena laeUa, the It/mphatie vatelt, the I'opermican 
hypothetit, the nature o/* cotaeti and new itart, ifie mteUiU* of Jupiter, the oval' 
thape (as was then supposed) of Saturn, the tpot*on the tun and iti turning on 
it* own axis, the inequatUiee and telenograpkr/ of the moon, the several phaeet 
of Venue and Mercury, the impronement of te/eacopet and grinding of glattee 
for that purpote, the weight of air. Hie poenhility or impottibility of racuUiet 
and nature'* abh^orrence thereof, the Torricellian experiment in mtieJctUvcr, the 
deteent of heavy bodies and the degrees of acceleration therein, ana divers other 
things of like nature, some of which were then but new discoveries, and otben 
not BO generally known and embraced as now they are." 

■' For such a candid and impassionate company as that was," says Dr. Sprat, 
in hia History tjflhe Royal Society, " and for such a gloomy season, what could 
have been a better subject to pitcn upon than natnral philosophy 1 To have 
been always tossing about some theological question would have been to moke 
that their private diversion, the excess of which they themselves disliked in 
the public ; to have been eternally musing on dvii businas and the distresses 
of tneir country was too melancholy a reflection. It was nature alone which 
could pleasantly entertain them in that estate. Their meetings were as frequent 
as their affairs permitted ; their proceedings, rather by action than discourse, 
chiefly attending some particular trials in chemistry or mechanics. They hod 
no ndes nor method fixed ; their intention was more te communicate to each 
other their discoveries, which they could moke in so narrow a compass, thaa 
an united, constant, or regular inquisition. Thus they continued, without any 
great intermissions, till about the fatal year 1658, when the continuance of 
their meetings might have made them nm the hazard of the fate of Archimedes ; 
for then the place of then: meetmg (Gresbam College) was made a quarter for 
■oldiers." 

" There arose at this time," says Dr. Whewell, allnding to the period ante- 
eedeut to the epoch of Newton, " a group of pbiloeopbere who be^n to knock 
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■t tbe door where tratb was to be found, althongh it wafl left for Newton to 
force it open. These were the founders of the Royal Society." " The men who 
formed the Royal Society," saya Bishop Burnet, " were Sir Robert Moray, 
Lord Bronucker, a profound mathematician, and Dr. Ward, a man of great re- 
search, and BO dexteroae that his sincerity was much questioned. But he who 
labored moat, at the greatest charge, and with the most euccesB at experiments, 
was the Hod. Robert Boyle, a devout Christian, humble and modest Eumost to a 
fiialt." Among other names connected with the Society in its earlier eta^, or at 
the period of its formal organiEation, and stilt memorable in science, literature, or 
the arts, may be distinguished those of Bishop Wiikins, Sir Kenelm Digby, 
Evelyn, Denham, Clarke, Cowley, Willis, Wren, Ashmole. tec, 

" The first Journal book of the Society, a plain unpreteuding volume, bound 
is basil, yet destined to receive great names and to be the record of important 
scientific ezperimente," opens with the date of November S8, 1660, and with 
the proceedings of a meeting which may he regarded as organic in relation to 
the fonn and permanence of the Society. Here it was determined that meet- 
ings should be regularly held every Wednesday during term time ; that a con- 
tribntion of ten shillings on admission, and of one shilling weekly, should be 
levied on each member, whether present or absent, as long as he sbonld please 
to maintain his connexion with the association, and a list was formed of the 
names of such persons, known to those present, as were judged willing and fit 
to unite with them in their design. At a subsequent meeting a committee of 
three or more (as occasion might permit) was empowered to frame a constitu- 
tion, which was submitted and adopted at a general meeting on the l^th of 
December following. By this, the standing officers of (he Society were declared 
to be three : a president or director, a treasurer, and a register; the first to be 
chosen monthly, the two latter annually. An amanuensis and operator are 
styled " servants belonging to the Society," and receive salaries, the former 40. 
the latter 4 pounds per annum. The stated number of members was fixed at 
fifty-five, with permission that all persons of the degrees of baron or above 
might, at their choice, be admitted as supernumeraries. It was provided that 
no candidate should be elected the same day he was proposed, and that at least 
twenty-one members should be present at each election. For such election, 
the amanuensis, it is ordered, shall provide " several little scrolls of paper of 
eqnal length and breadth, in number double to the Society present. One-half 
of them shall be marked with a cross, and being rolled up shall be laid in a 
heap on the table; the other half shall be marked with ciphers, and being 
rolled up shall be laid in another heap. Every person coming in his order 
shall take from each heap a roll, and throw which he please privatelv Into aa 
nm, and the other into a box. Then the director, and two others of the 
Society, openly numbering thd crossed rolls in the urn, shall accordingly pro- 
nonnce the election." Two-thirds of those voting were necessary to a choice. 
The Society having included, as we have seen, two poets, Denham and 
Oowley, among its members, was fairly entitled to a greeting from the muse. 
This it received through the ingenious pen of Oowley, m verses whose philoso- 
phical truth as well as originality of 'illustration may perhaps still justify 
qnotation. After deploring the fate of philosoohy, whicn for three or four 
uiomand years had been kept by unwise or oisDonest tutors in a state wT 
nonage, he tells ns ; 

Bacon, at last, a mightj mui! aroM, 

Whom B irise kiue and Nature choM 

Lord cbancellor of botb Ibeir laws. 

And boldly undertook the iiyni'd pupil's caoM, 

From tbe long tmm of tb« way, * 

In which oar wandsring predecaMon went, /^^ i 

And, like the old Hebnns, many yian did iti^ _,: j, V_iOO<^IC 
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pointing perbaps to tbe l^ree pnportioD of medical meu which entered at &at 
time into the association. Finally, it ia provided that if abnaes should occur or 
dissensions arise, the Archbishop of Canterbnry and certain high officers of 
State shall be invested with powers for removing soch abuses and deciding sock 
ControvereicB.* 

The first president of the BocietTt after the incorporation, was Lord Bronacker; 
the secretaries, Dr. Wilhina and Henry Oldenbnrg; all appointed by the crown. 
" Some idea may be formed oi^the activity of the Society at this period by Uk 
following list of eight committees appointed on the 30th Uarcb, 1664 : 1. 
Hechanical, consisting of sixty-nine members. 2. Astronomical and o[^c«I( 
fifteen members. 3. Anatomical, consisting of Boyle, Hooke, Dr. Wilkiua, mi 
all the physicians of the Society. 4. Chymical, comprising all the physiciatu 
" of the Society, and seven other Fellows. 6. Georgical, consisting of thirty-two 
members. 6. For histories of trades, consisting of thirty-five members. 7. For 
collecting all the phenomena of nature hitherto observed, and all experimentB 
made and recorded, consisting of twenty-one members. 6. For correspondence, 
cooeisting of twenty members." O'denborg, about this time, received, aa be 
tells Boyle, the agreeable asBorance &om bis correepondenta in Paris, that "the 
English philosophers were doing more for science than all the other nations of 
Europe, as well in cnriooa and detached particulars as in the great woiks given 
to the public." 

The labors of the Society were destined to be soon intermpted by the plague 
of 1665, which drove the members very generally from London. Oldenbniv, 
however, remained at his post, and continued his correspondence on scientinc 
matters during the whole period of the pestilence. When the meetings of the 
Society were resumed, the sources of the late calamity became naturally a sub- 
ject of investigation, and on this occasion the animalcular ori^n of the epidemic 
was BDggested. But " the vermioation of the aii as the cause of the plagne" 
was supposed to have received its strongest confirmation in Italy, where Dr. 
Bacon, who had long practiced physic at Rome, was said to have observed that 
" there was a kind of insect in the air which laid eggs hardly discernible with- 
out a microscope; which eggs being, for an experiment, given to be snuffed ap 
by a dog, the animal fell into a diBtemper accompanied with all the symptoms 
of the plsgue." Hooke, however, had observed that, during the summer in 
qnestion, there was, in London at least, a very great scarcity of flies and insects. 
A second intermption of the meetings was occasioned by the "great fire" of 
the following year, for, though the apartments of the Society in Gresham Col- 
lege escaped, that edifice was required for the puiposea of the corporation of 
London. A removal of the meetings to Arundel Hoose, at the invitation of 
its owner, led in the SMnel to a donation of his valuable library, which thus 
became tbe nucleus of that of the Society. The collection cunsiBted of 3,287 
printed books, chiefly firat editions after the invention of printing, besides S44 
volumes of Hebrew, GreeK, Latin, TnrkiBh, and other rare manuBcripts, of 
which the greater part, of both claases, had been purchased in Vienna by an 
ancestor of the noble house, and comprised the carious and costly collection 
formed by the celebrated Matthias Corvinus, King of Hongary. About this 
time also the foundations of a muBeum,,or " collection of natural things," was 
fonned, which, it will not surprise us to be told, comprised, among other articles, 
" tbe stones taken out of Lord Balcarres's heart, a bottle full of stag's tears, a 
petrified fish, the skin of an antelope which died in St. James's park, apetrified 
foetus," and other equally extraordinaiy objects, which the language ofue age 
not unaptly tenned " rarities." The rival museum of the Tradescants alitady 
Gontuned " two feathers of the pboanix tayle" and " a natural dragon t" 

■ Tbe ebaTt«Ts and slattiteB «f lbs Socielj mv be wen at large in the appendix to Weld's 
EiSTORV OF TUB RoTAL SociETT, a l«amed utd interesUng woA, on lAoss atUeBWnts *'— 
pnaent biisf aoeonnt is founded. 
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A subject wbicb at this time attracted general attention wai tlie triaufiuiom 

Efbtood tcoTa the veins of one animal to tboee of another as a means of restoring 
eslth or prolonging life. As nsool, the most extravagant expectations were 
mdnlged hj the Dnreflectiag in regard to the efficacy of this process, »nd the 
Society, rightly judging the Teri£catioa of its virtues to fall within their domain, 
oAer trying with impunity the experiment of transfusion on that customary 
victim of scientific cariosity, the dog, set themselves in quest of a human sub- 
ject for iurther investigation. It was first proposed to try the practice npon 
" some mad person in Bedlam," probably witn a view to test the effects upon the 
mental aa well as bodily sanity, but tho physician inxharge of the hospital re- 
fused hia asBent. A poor student was, however, aoon found, who, for the price 
of a guinea, consented to undergo the operation, and indicated a sheep as the 
soimai whose blood he was willing to receive. The experiment was conducted 
at Arundel House, in the presence of the Society and of other distingaished in- 
dirtdnals, and was attended with such encouraging circumstances aa to lead to 
its repetition some weeks afterwards, on which occasion eight ounces of human 
blood were token, and about fourteen ounces of sheep's blood injected. The 
patient, we are told, was " well and merry" after the operation, hia pnlse and 
^petite being better than before, bat respecting the permanence of these good 
results we are left somewhat in the dark. The couditiou of the patient's mind, 
as well before as after the experiment, may be judged of from the mystical 
reason he assigned, when questioned why be had elected to have the blood of 
a sheep transfused rather than that of some other creature : Saitgvu ova tym- 
bolicam ^ttandan faetUtatem habet cum miuwute Chritti, quia Chnttiu at 
Agmiu JM. The Society had thus far met with better fortune than some of the 
cotemporary inquirers in both Germany and France, where death had in more 
than one instance been the result of similar proceedings, exposing those who 
condocted them to the danger of prosecution for manslaughter. Tidings of 
dime diaastera at once turned the current of public opinion iu England, and led 
to the abandonment of further investigation on the port of the savants. 

There can be no doubt that the inquisitive spirit of the Society, though oflen 
directed to subjects which no longer appear either dignified or Important, had 
already exercised Ibo happiest influence on the course and habits of public 
thought. Inquiry was propagated, and a salutary scepticism everywhere man- 
ifcated its eucroacbments on the domain of popular delusion. Under this point 
<if view, the L^-torian of the Society is justified in signalizing the fact that 
■Itboiwh "during the civil wars upwards of eighty individuals were executed 
in Softilk alone for supposed witchcraft, there were but two witches execated in 
Euglaad after the Boyal Sodety published their TVanstictioiu," A body which 
at once prosecuted researches on the theory of eclipses, the nature of comets, 
and the causes of pestilence, could afibrd but little countenance to the wide- 
spread delnsioD which associated the last of these phenomena in some myste- 
rious concomitance with the two former. When even the scrupulous Boyle had 
thoB^t fit to give to one of hia scientific treatises the title of 7^ Scepticat 
CSumitt, there cotdd be not much hope for alchemy and its attendant &auds. 
In other fields, too, the habits of philosophical speculation which, if the Koyal 
Society did not introduce it; at least effectually promoted by influence and ex- 
ample, gave rise to reforms which, aa Buckle remarks,* rendered the reign of the 
mean and spiritless voluptnary Charles II one of the brightest epoch* io the na- 
tional annals, with reference to laws then passed and principles ttien estabUehed. 
The seal of the Society for furthering and stimulating experimental inquiry 
was manifested at an early period by the adoption of a resolution " that sacn 
of the Fdlowa as regarded the welfare of the Society shoold be desired to oblige 



'Hlstoiy of Civiliutioii In England, voL I, p. 876. 
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themsclres to enlertaio it, enco a year at least, with a ptiiloiophical diecoDTsa, 
grouaded upon experimpnta made or to be made j and in case of failure, to for- 
feit iX5," Thifl Tolnntary engagement on the -part of Fcllove, deemed " able 
and likely" to furnish snch diacourBes, was at the Mime time made an imperative 
obligation on each member of the existing council. For one, the indefatigable 
Hooke is recorded tn the jnumal-book as baring produced new eipcrimcnta 
and inventions at almoBt every meeting. An agent was ealoricd to tmveree 
England and Scotland in ecarcu of zoological and botanical specimen a, and thi* 
at a timo when a default fn the part of many members iu the payment of the 
weekly enhscription had bo crippled the resources of the Society as to render 
even its existence prccarions. An active foreign correspondence bad contributed 
to secure to it an inflnenco abroad scarcely inferior to that which it enjoyed at 
home, as was testified by the learned of Europe, among others by Leibnitz, 
Malpighi, and Leuwenhocck, in the dedication of their works to the Society, or 
a submission of their labors to its judgment. It is a coincidence not unworthy, 
perhaps, of notice, that about the time when " one Mr. Leuwenhocck," aa we 
find bim called in the correspondence, rccommendi'd to the notice of the Society 
his improved microecope, by the assiduous use of which he eventually arriv^ 
■t the distinction of being esteemed '* the father of microscopical discoveries," a 
" poor Cambridge student," named Isaac Newton, presented to it his reflecting 
telescope, " tbc tirst perfect reflector known, and made by the hands of Newton 
himself."* Thus science was simultaneously endowed with the perfected meaas 
of realizing both terms of Cowley's poetical prophecy — the penetration alike 
*'of the crowds of golden worlda on high," and " tlie recesses of nature's imper- 
ceptible littleness." The presentation of the telescope was soon followed by 
tho adoption of the inventor into the Society, tbc year 1671 being tbc date of 
the accession of the great philosopher, dcptined, in tho eloquent language of Dr. 
Young, " to advance with one gigantic stride from the regions of twilight into 
the noonday of science." 

From this period the history of the Eoyal Society becomes so thoroughly 
interwoven with the general history of science that it is manifestly impossible, 
iu a sketch necessarily confined within the narrow limits of the present, to do 
more than touch upou a few prominent points illnstrativc either of the progrcsa 
of the Society or of the knowledge which it has cultivated. 

On the 8th of February, L671-'73, Newton communicated to th« Society his 
investigations respecting " light, refractions, and colors, importing light to bs 
not a similar, but a heterogeneous thing, consisting of diflbrm rays." For these 
discoveries the author received tbe"6oli'mu thanks" of tbc Society, at whose re- 

Jneet they were published in the PkSoaophkal TVajuaetions, being the first of 
Icwton'a productions which saw the light. His experiments had been made 
in ICGO, when be was only twenty-tlirec years of age. No sooner, howcTer, 
was his theory of light g^vcn to tlie world than it was Tchemcntly attacked, 
both OB regarded bis conclusions and the accuracy of the experiments from 
which they had been deduced; Hooke and Huyghcna appearing among the 
number of bis assailants. So true is it, as Biot has remarked, tnat "byno- 
Tciling himself Newton obtained glory but at the price of his repose." 

* Newton's telescope, eara Weld, was tbe ^nt reflecting telescope directed to the beaveM, 
tboogh Jsmei Grefpirj bnJ prBvionely (166:!) Ucac^bed Iba manner of conttnicling ooe with 
two i-oncave specula. Newlou perceived ao greiU diiuidvantagea in iingoiy'a plan, that, ac- 
cording to bia uwu statement, " he tbnnd it ueccHitar}' to alter the deaigu, ituil place the eyo- 
gituu at tbe Bide uf tho tube, ralLer than at the middle." Kewtou'a nicclianical labors ted lo 
uia Ijeing sometimes r^anled abroad as a maker of telescopes, and we find him staled in a 
book 111 that period, Arttfex mulam angliu mmiiRs NtiMim. It is SDrcestive to consider into 
wLal ^gimtia proporlioDa the itistriunent conatrucled b^ tbe Cambnd^ student baa been 
developMl under tbe bands of Heracbel and Boaae. Newton's &(at Ulescope is nine iocbM 
tonci tba length of Lord Bosaa'a six-feet i«flectw 1* aiity feet. . , 
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In 1686 the MS. of Newton's immortal work, PhilotophicB NaturaiU Prrn- 
cgna Mathematiea, was presented to tlie Society ; and being accepted with 
thanks, it waa ordered " that the printing of the book be referred to the con- 
lideration of the council, and that it be put into the hands of Mr. Kallej to 
make a report thereof." The conncil, duly Bcneiblc of the slcndemeea of the 
Society's finances at that time, were glad to devolve upon Halley, who agreed 
to accept it, the " business of looking after and printing the work at his own 
charge." In the course of the preparations for that purpose, it became neces- 
sary for Halley to inform the author that Hooke claimed to have "some pre- 
tensions npou the invention of the rule of the decrease of gravity being recip- 
rocally as the sqnares of the distances from the ccutre," though he admitted 
the demonstratioD of the curves generated thereby to belong wholly to Newton. 
When apprized of this claim, the illustrious geometer dctcrmiued upon the sup- 
pceesioD of the entire third book of the Frincipia. " PhiloEophy," he said, " is 
inch on impertinently htigions lady, that a man had as well be engaged in law- 
cnits sfi have to do wtb her. I found it so formerly, and now I am no sooner 
come near her again but she gives me warning." In the controversy relative 
to bis optical discoveries he had written to Oldenburg : " I intend to be no 
tiirther solicitous about matters of philosophy, and therefore I hope yon will 
not lake it ill if you find mo never doing anything more in that kind." It 
required much remonstrance and entreaty on the part of Halley to induce New- 
■ ton to abandon bis intention of suppressing the third book, De Syatemate Mvndi, 
without which the celebrated work might have borne the title, De motu Cor- 
porum lAhri duo. In view of all the circnmstances it is difficult to deny the 
justice of the remark made in Regaud's Ettat/ on ibt First, Publication of the 
Principia, that " it is hardly possible to form a sufficient estimate of the im- 
mense obligation which the world owes in this I'eepect to Halley, without whose 
great zeal, able management, unwearied perseverance, scientific attainments, 
and diaintei-ested generosity the Prittci/fta might never have been published." 

Halley had been elected a Fellow of the Society in 1676, on his return from 
Ub voyage to St. Helena, made chiefly with n view to astronomical observa- 
tions, of which the frnit remains in his Catalogue ttellantm atulratium, bnt 
rendered subservient also to the science of terrestrial magnetism, of which be is 
styled by a high authority the father and founder. " To him," says Sir John 
Uerschel, " we owe the first appreciation of the real complexity of the subject 
of msgnetUm. It is wonderful, indeed, and a striking proof of the penetration 
and sagacity of this extraordinary man, that with his means of information he 
should have been able to draw such conclnaions, and to take so large and com- 
prehensive a view of the subject as he appears to have done." Halley's com- 
munications to the Society on this suhject consist of a cliart, the first of its 
kind, showing the variation of the compass, baaed on the idea of employing 
curves drawn through point.s of eonal declination, and of papers published in 
the ISOtli and )95th numbers of the PAiioaop/ncn/ TraiMartiani. In the lost 
of these occnrs a striking passage, in which he expresses his belief "that he 
has pot it past doubt that the globe of the earth is one great magnet, having 
four magnclical poles or points of attraction ; near each polo of the equator two; 
and that in those parts of the world which lie near adjacent to any one of those 
mognetical poles, the needle is chiefly governed thereby, the nearest poles 
being always predominant over the more remote." Amid the efibrts whicn are 
now directed to this sabject, it will not be nninteresting to observe with how 
mnch modesty this early explorer defers the solution of his difficult problem 
to later times. " Tlie nice determination," he says, " of this and of several 
other particulars in the magnetic system is reserved for remote posterity ; all 
that we can hope to do is to leave behind as observatioDe that may be confided 
in, and to propose hypotheses which after ages may examine, amend, or refute," 
And he proceeds to nrge upon all navigators and lovers of uataral truUu to 
10 s 
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make or collect DbservationB of this kiod in all pnrte of the worMt and to eom- 
muaicate them to the Royal Society, " in order to leave as complete a biatoty 
aa may be to thote that are Jiermfia- to compare all together, a»d to eompku 
and perfect thia ahttrute theory." 

Another acienco which nt this era engaged the attention of the Society was 
geology, or, m it was then termed, " the Natural History of the Earth ;" the 
chief rcprceentatives of which, before the Society, appear to have been Dr. 
Liater and Dr. Woodward. Of the former, Lyell remarks : " He was the first 
who was aware of the continuity over lai^ digtrictB of the principal gronps 
of strata in the British aeries, and who proposed the construction of regolu 
geolt^cal maps." Woodward published an essay towards a Natural History 
of the Earth, which attracted much attention and was elaborately reviewed in 
the Trtintactioju. Ur. Whewell, moreover, has noted as " one of the moat re- 
markable occurrences in the progress of descriptive geology in England, the for- 
mation of a geological muacnm by William Woodward as early as 1695. 
This collection, formed with great labor, aystematically arvnged, and carefully 
catalogued, he bequeathed to the University of Cambridge ; founding and en- 
dowing at the same time a professorship of the study of geology. The Wood- 
wardian Museum still subsists, a monument of the sagacity with which its 
author so early saw the importance of such a collection. * 

An official connexion of the Society with the progresa of astronomical obeer- 
vations resulted from its relations to tho observatory of Greenwich (founded 
1675,) of which, after having done much to sustaiu and advance it during the 
many years while it remaiued neglected by government, the Society finally 
became the formal directors or visitora by royal warrant. Under this authority 
the Society arc required to exact from the astronomer royatfor the. time being 
an account of the annual ob#er\-ations made, to inspect the iDStruments of tJie 
observatoiy, and to aupcrtiilend and, if deemed proper, to direct ita operations. 
If, therefore, so eminent an authoriry as M. Stmve has singled it out ae a point 
well worthy of remark and encomium, that the astronomera of this illustrious 
observatory have maintained oue uucLanged syat«m or plan in their labors 
during the long period from tiie origin of the cstabliabment to the present day, 
Bometbing of this oniformily may reasonably be ascribed to ita connexion with 
and subordination to a fixed and self-perpetuating body like the Royal Society. 

The application of ateam, which in our day has acquii'ed so astonishing a 
development, did not fail to find among the early Fellows of the Society 
at least one curious inquirer, whose apecidationa and projects are preserved in 
the TratuactUmt. Dr. Papin, inventor of the wetl-kuown digeater for softening 
bones, and whose "philosophical supper" prepared upon that plan may still be 
enjoyed by the readers of Evelyn's Diary, is noticed in 1690 as having in- 
vented a method of draining mines by the I'oi'ce of " vapor," in which, though 
much was wanting to the practical perfection of the engine, the philosophical 
principle of the condensation ae well as elastic force of steam is observed and 
pointed out. At a later period Dr. Papin communicated to the Society an ex- 
tension of this principle to ihe propnlstou of boats " to be rowed by oars moved 
with heat," and had tho honor of liaviug bis project referred to Sir Isaoo 
Newton, trom whom it received a conditional approval.f 

'Woodward, wbatever bis acientiGc mN^t, leemii to have been of an irascible tempers- 
DWDt. He was expelled rrom Ihe council of the Societv for ioHaliing- Sir Hans SlosDe and 
[efusiag to iipolt^iie. Ho fought h ducl.wilh Dr. Head, occMionud by a dispute, aa Voltaire 
MJ9, sar Ut mantm de purger un rftalmle. Woodward's foot Blipped slid he fell. " Tako 
your lile!" eiclaimed MpBdo. " Anything but your phyBic," lEpfied WooUward. 

tTbo bstler known project of Savery, whose ongine was able, throngh the iotrodDClion of 
a vacuum, to perform double the work of Ibnt devieed, at a siai earhar day, by tbe UarqiOs 
of Worcester, was eiliibilcd before tbe Society ( 1699.) and the certificate granted by that body 
to Iho iugeiiiouK Cflolriver, wbh the meoDs of his obtaining a patent froni the Ciown for tbe 
manafitcture of steanKngiiiei.— Weld, I, 367. , LitHIQK' 
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While the Society was thus pursuing its diversified and prosperous career, 
Charles II, " founder and patron," bad died, having entertaiued so inter- 
course with the learned corporation during his later years, except to send it a 
receipt for the cure of hydropliobia, compouuded, after the manner of tbat 
time, of a« many simples (acrimony roots, dragou roots, star of the earth, 
kc„ Sec.) as could well be disposed of in one preparation. Lord £rouncker 
bad resigned the presidency after fifteen years of acceptable aerrice, and had 
been followed in succession by Sir Joseph Williamson, (1677,) Sir Christopher 
Wren, (1C80,) Sir John Hoskins, (1G82,) Sir Cyril Wyclie, (1683.) Samuel 
Pepys, (XG84,) Lord Carbery, (1C8G,) Lord Pembroke, (1689,) Sir Robert 
SouthweU, [1690.) Lord Halifax, (1695,) and Lord Somers, (1698.) The 
Society was soon to remove from the precarious quarters which it had h&ce- 
tofore occupied to a house of its own in Crane Court, Strand, and, as appears by 
one of its statutes, had found reason to place some further restriction on the too 
indiscriminate and easy admission of Fellows. 

On the withdrawal of Lord Somers, in 1703, Sir Isaac Newton waa elected 
to the presidency, the duties of which he continued to fulfil for 24 years with 
exemplary pnncluality. His treatise on Opticki vat, now presented to the 
Society, a work prepared long before, but which he had decided to withhold 
from publication during the lifetime of Uooke. The remark suggested by the 
death of that able but morotic and jealous man of science seems, therefore, to 
be fully justified : La Sarieli y gagne plus que tageomelnc n,'y pa-di but, as 
if the seusitivenesa of Newton was doomed never to be freed from impor- 
tunate molestation, the dispute respecting the authorship of the htfiniUgimal 
ttmalytu soon supervened; a dispute in whicb Newton, indued, maintained his 
nsual reserve, but which his own partisans, equally with those of Leibnitz, con- 
ducted with BO much asperity and prejudice uiat the contest might have seemed 
one of honor or interest between Germany and England.*' At the instance of 
Leibnitz, a committee was appointed by the Boyal Society, iu March, 1712, to 
examine the evidence bearing on the matter in question, and, in April following, 
were submitted, in a report, the reasons which led the committee " to reckon 
Ur. Newton the first inventor." That this did not satisfy or silence the parti- 
sans of Leibnitz will he readily believed ; bat at this distance of time we may 
acquiesce in the opinion pronounced by the historian of the Society, that 
Newton was the innenlor of Fluxions as early as 1G66, but that Leibnitz has 
^e merit of having first. given full publicity to bis discovery of the Difierential 
Calculus in 1673. "Had Newton done this," says Mr. Weld, "a controversy, 

eiinful in its nature and unsatisfactory in its results, would have been avoided. 
at all admit that be labored more for the love of truth than of fame ; and 
tliis is one of the reasons why Newton is the greatest of philosophers." 

This great man died on the 20th March, 1727, being, perhaps, the only one 
who has ever lived whose genius and virtues could sustain the exaltation of 
his epitaph : Sihi gra»tulentur morCalet tale tantumque exttitiuc kuntani generis. 
He was succeeded in the presidency of the Society by Sir Hans Sloane, who 
bad long acted as secretary and vice-president, and whose merits as a botanist, 
habits of business and official assiduity, relieved the council of embarrassment 
in a choice, even after Newton. Martin Folkes, (elected 1741,) Earl of 
Uacclesfield, (1752,) Earl of Morton, (1764,) James Burrow, (1768,) James 
West, (17C8,) Sir John Pringle, (1772,) bring down the succession in the 
presidency to the protracted official term of Sir Joseph Banks, (1778 — 1820.) 
There are points of interest, however, in this long interval, upon which it is 
proper to touch even in so rapid a sketch as the present. 

" M. Aiafo seeins to have been willing to make France a third party to tliis memorable 
eonpetitioD, for, in his Holicei Biographiguti, vot. III, p. &12, he hriugs forward tbe claims 
of bu conntrj-man, Fennat of Toulouse, m an earlier Uivenloi of the Calcohis tbMi aither 
N«MoQ or Leibnitz. , LiOO'^^jlC 
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From an early date tlie Society eeeme to have labored under two especial 
causes of embarmsemcnt i waiit of pecuniary means, arising chiefly from the 
failure of mcmbcTS to pay the Btipulat«d contribution, and a constant tendency 
to extend tlic honor of membcrehip to persons whose pretensions were of doubt- 
ful validity. We learn with some surprise that, while a few were occasionally 
exempted from the payment of the small weekly contribution, (among whom 
at one time was Sir Isaac Newton,) there were many others of ample means 
who suffered their liubilitiea to accumulate mitil the Society, to which no 
doubt they prided ibemsclves in belonging, was reduced almost to the point 
of inaction. Nor does it increase our respect for this class of delinquents to 
find that when, in 1728, the Attorney General liod given his opinion that the 
Society was authorized to sue for such arrears, and steps were taken for that 
purpose, the liabilities were generally discharged and the Society placed in 
comparative ease.* The extent of the second inconvenienca may be appreciated 
from a saying ascribed to U'Alcmbert, who, in allusion to the extreme prodi- 
gality with which the honors of the Fellowship were distributed, used "jocularly 
to ask any person going (o Kngland if he deeired to he made a member of the 
Society, as ho coiUd eaeiiy obtain it for him, sliould he think it any honor." 
The necen«ity, therefore, for some addirional rcHtriction being sensibly felt, the 
Society sought legal advice as to their powers in that regard, and were advised 
diat, while their charter did not appear to antliorize them to limit tlie Fellows to a 
certain number, it clearly empowered them to describe and aecertaiu the quali- 
fications of persons to he elected. A statute was thereupon enacted, which has 
since been steadily observed, by which it ie required that all candidates, except 
peers and some other privileged persona, shall be proposed at a meeting of the 
Society by three or more members, and that a pajier signed by them and set- 
ting forth specifically the qualilicationa of the candidate, " shall be fixed up ia 
the meeting<room at ten several ordinary meetings before the said candidnto 
shall be put to the ballot." It appears that candidates were also expected to 
send in a paper on the branch of ecience with which they were most conver- 

Another but more occasional source of disquietude has been a jealousy 
sometimes manifested of undue influence or irregular procedures on the part of 
the presiding officer. This exhibited itself to Home extent even towards New- 
ton in the course of the preliminary ateps for the removal of the Society's 
Juartera to Grane court ; but it broke out with excessive violence against Sir 
oseph Banka, in 1784, upon the alleged charge of improper interference with 
elections, and particularly of having favored the pretensions of natundiats in 
preference to those of malhematicians. Groundless as this charge is shown to 
nave been,t and factious and overbearing ae was the conduct of Dr. Uorselcy, 
who, with very slender scientific pretenaions, affected the leadership of the 
matlieniatical party, this acliiam not only disturbed the harmony of the Society, 
but seemed for a time to threaten its stability. 

The influential port borne by the Society in the introduction of the reformed 
calendar into England may render an allusion to it in this place not irrelevant. 
By this change, which took place on the id September. 1752, " eleven nominal 
days were struck out, so that the last day of old style being the 2d, the first 
of new Etyle (the next day) was called the 14th instead of the 3d. The same 

* Before the incorporatEoD, leu Bblllinn were required of members on the BdmisBion and a 
weeklj pBymenI of on« shilling. By Hie Btslulea of Jti6a the initiatory foe is advantod to 
forty BhilllDgH, the weekly paymenu lenmining as before. In 1S47 the former charge bod 
become leu pounds, ontl the weekly contribution been converted inio an annual one of four 
puundH, to be paid in advance. Liberty in given to compound for the whole by the p< 
in snme cnsee, of forty, in others of eiily founds. 

1 See Lord Brougham's Lives of Philosophers, p. 363. _, 
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legislative enactment which eetabliehcd the Gregorian year in England in 1762. 
Bbortencd the preceding year (HSl) hy a full quarter. Previously tlic cccle- 
aiastical and legal year waa held to begin with the 25th Alarcli, and the year 
A. D. 1751 did BO accordingly; that year, however, wae not Buffered to run 
out. but waa supplanted on the Ist of January by the jear 1752, wliich it was 
enacted ebould commence on tbat day, as well as every subsequent year."* 

The attempt to retrace here, even in the most Bummary manner, the ))hiIo- 
sophical labors of the Society would enggcst a startling contrast between the 
narrow limite allotted to this outline and the vast lietd wLicb it would be neces- 
sary to traverse. Dow mere a catalogue of namea and of terms would be the 
result of any attempt to recall those achievements in every department of 
natural science which have distanced imagination and ■'endured the fictions of 
poetry tame and spiritless in comparison! Especially would this be the case 
as we approached that wonderful era of discovery, the close of tbe eighteenth 
century, which suggested to Cuvier the imposing retrospect witb which h« 
opens the Eloge of Uaiiy : " The laws of a geometry, as concise aa compre- 
hensive, extended over the'cntire heavens ; the boundaries of the universe en- 
larged, and its spaced peopled with unknown stars ; the courses of celestial 
bodies determined more rigorously than ever, both in time and space; the earth 
weighed as in a balance; man sc-kring to the clouds or traversing the seas with- 
oat the aid of winds ; the intricate myBtcries of chemistry referred to certain 
clear and simple facts; the list of naiuiil eitisloociea increased tenfold in every 
species, and their relations irrevocably listed by a survey as well of their in- 
ternal as external structure ; the history of the earth, even in ages the most 
remote, explored by means of its own monuments, and shown to be not loss 
wonderful in fact than it migbt have appeared to the wildest fancy : such is 
the grand and unparalleled spectacle which it has been our privilege to con- 
template !"t And in the realization of each and nil of these surprising i-esults 
the Royal Society of London has borne its effective part, yielding to none in 
the reflected lustre of its long line of brilliant names : its Herschels, BradleyB, 
Maskelynes, Youngs, I'riestlcys, Daltons, Watts, Wollastons, Davys, Buck- 
hmds, Murchisons, Faradaye, and Airys. For, as the illustrious savant just 
quoted has elsewhere said with equal force and generosity, "Tbe philoflophere 
of England have taken as glorious a part as those of any nation whatever in 
the labors of the intellect which are the common heritage of the civilized world ; 
they have dared the ices'of either pole, nor is there any nook of the two oceans 
which they have not visited ; they linvc multiplied tenfold the catalogue of the 
kingdoms of nature ; by them the heavens nave been made populous with 
plaaets, satellites, and stupendous phenomena; they have coimted, so to say, 
the stars of the galaxy; if chemistry has assumed a new face, the facts which 
they have furnished have essentially contributed to the trausformation ; to them 
we are indebted for inflammable air, pure air, phlogisticaled air; they have dis- 
covered the decomposition of water ; new metals in large number have sprung 
^m their analyses ; by them only has the nature of the fixed alkalies been 
demonstrated ; finally, at their voice, mechanics has become pregnant with 
miracles, And placed their country above all others in nearly every species of 
productive industry. "J 

* HeiKherB JtlroBOfR^, p. 411 So jrreal wu tbo popular repugnance to the change of iLe 
itjle oi calendar, that Ihe mub piiTsued tbe minUter in his carridL'^, clamoring lur ih« iIhts 
b/ nbich, an tbcy siippoaei], their lives bod been ehartened ; and tbe Illness and death of the 
■atronomer Bradley, who bad assisted the gtnemnient wiili his advice, was attributed to a 
jndgiDeDt from heaven. It is also rebtted that when tbe grandson of Irfird Macclesiield, who 
bad likewise been prominent in effecting the change of style, was atanding a coulealed elec- 
&aD for Oiford, tbo mob iosiiltluglj called out to hiio, "Give n* bock, you rascal, those 
deven days wbid your grandfather stole from as." — Weld. y • i 

t Bee Smilhsouian Report, IseU, Memoir t^ Haig. -Digitizec ov^tOOQIC 

t Cuvier, Eiogt of Sir Joseph Banks. '-^ 
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Among the incentivee nod rewards of ecientific reeeArch employed by tbe 
Society are three medale, derived from funds bequeathed or granted for that 
purpose, let. The Copley medal, the fmit of a legacy bequeathed in 1709 by 
Sir Godfrey Copley, and termed by Sir Humphrey Davy " the ancient olive- 
crown of toe Iloyal Society," being regarded as the most honorable within ita 
gift. This has been anntmliy awarded, with a few intervals, eince 1736, in 
conformity with a resolution then adopted by the Society, " that the medal 
should be adjudged to the author of the most important scientific discovery or 
contribution to science, by experiment or otherwise." It cannot but be pecu- 
liarly gratifying to an American to find that when, in 1763, on the death of the 
eurviving trumee of the legacy, tbe adjadication devolved on the president and 
council for the time being, the first award of tlie m(;dai waa made to Dr. 
Franklin, On this occasion tbe Ear! of Moccleefield, in Lis address ae presi- 
dent, stated that the council, "keeping steadily in view the advancement of 
science and useful knowledge, and the honor of the Society, bad never thought 
of confining the benefaction within the narrow limits of any particular county, 
much lcB8 of the Society itsflf " The monoj- value of this medal is five poun ja, 
and it bears as a legend tbe raotto of tlie Society, KuUim in verka. 2d. The 
Rumford medal, derived from the interest of a fund of ^£1,000, ^ven by Coont 
Rumford, in 179G, for the purpose of promoting diecoveriea in heat and light. 
This premium is duplicate, consisting of two pieces etrnck in the same die, the 
one of gold, the other of silver, and by the terms of the gift is to be awwded 
" once every second year." The device on this medal is a tripod with a flame 
upon it, and tbe inscription from Lucretius, KoKcrc qua vis et catta. It is 
ifying to note that the first adjudication of this priie was justly made to 
founder himself, "for his various discoveries respecting light and beat," 

hilc the names of Halns, Fresnel, Melloni, and Blot, among later competitors, 
show that this, too, is freely accorded to foreign merit. 3d. The Royal medal, 
wbich, again, is duplicate, consisting of two gold medals of the value of fifty 
guineas each, a beneficence projected hy George IV in 1885, though not actually 
realized till the ragn of his successor. These medals, bearing on one side the 
likeness of the reigning monarch, and on the reverse the figure of Sir Isaac 
Newton, with emblematical accompaniments, are given for such papers onlif, on 
important and completed discoveries, as have been presented to the Royal 
Society, and inserted in their TratuactUnu. Here, also, the distingnished names 
of Struve, Encke, Mitschcrlich, and De Candolle, in tbe list of recipients, ap- 
prise us that this recompense baa been liberally offered to the competition of 
ill countries. 

The subjects for wbich these prizes have been awarded are almost too multi- 
farious for classification, and afiord no indifiei-ent criterion of the astoniehing 
pi-ogrcss which has been made " since the day when the founders of the Roy^ 
Society went forth to collect May dew for its supposed cosmetic virtues, or with 
the Virgula divina in search of the hidden treasures of the earth." Yet those 
early inquirers are perhaps not less entitled to honor for the fidelity and hero- 
ism (for heroism it was at that epoch) with which they adhered to esperimeut 
amidst the difficulties and obscurity which surrounded them, than those who, 
following them in the use of the same irresistible instrument, continned to press 
forward with firmer and more rapid steps in the pursuit of abstract science, as 
if conscious that in that and its applications resteu the sole hope for mankind of 
any veal and sustained progression. Nnr can cither of the two classes cited 
justly claim pre-eminence over the intwipid explorers of to-day, who, undeterred 
by the seemingly exhaustive research to whicli the heavens and the earth have 
been sul^ected, still lift their minds to new and mightier enterprises, and, having 
encircled the entire globe with observatories and observers, shrink not from 
grappling with problems as subtle and inconstant as magnetism or tbe winds, 
ana vast as theBecnlarmoTementsof suns and constellationa. v, lOO^ML' 
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' When we reflect," eavB Ur. Weld, " on the benefits conferred on nwnkind 
by the diBcoverieB of modem science, SnglUhmen most feel an honest pride in 
the fact that bo lai^e a proportion have emanated from the Fellows of the Boyal 
Society. Nor will that pride be diminished, when it is remembered that &om 
first to last the Society has received no annual pecnntary support from govem- 
ment, nor assistance of any kind, beyond the grant of Chelsea College, shortly 
ailer their incorporation, and more recently, the use of the ^artmeuts they iiow 
occupy in Somerset House.* While the members of the French luetitute re- 
ceive a yearly stipend, the Fellowa of the Hoyal Society pay an annual sum fw 
the support of their institution and the advancement of science. It would be 
repugnant to the feelings of Englishmen to submit to the regulations of the 
Institute, which require official addresses, and the names of candidates for ad- 
mission into their body, to be approved by government before the first are 
delivered or the second elected. The French tapant are, it is true, ennobled 
and decorated by orders, which the wiser among them, in common with true 
philosophers of any country, regard with indifference. Nobly did Fourier say 
of Laplace ; •' Posterity, which has so many particulars to forget, will little care 
whether Laplace was for a short time minister of a great state. The eternal 
truths which he has discovered, the immutable laws of the stability of the world, 
are of importance, and not the rank which he occupied." 

As a consequence of this independence and aelf-enpport, it was necessary that 
the Royal Socie^ should be numerous, oud by a consequeuce not less necessary, 
as Cuvier remarks, " that, as iu all political associations where the participation 
of the citizens in the government is in inverse ratio to their number, those to 
whom the Society intmsts its administration should exercise over its labors, and 
to a certain extent over the course and progress of science, an influence more 
considerable than can be readily conceived of by the academics of the conti- 
nent." That the Society has been fortunate in the zeal and ability of those 
called to preside over it, will have been observed in the course of the preceding 
sketch. It remains to be added that, on the death of Sir Joseph Banks, in 1820, 
the chair was for a short time occupied by Dr. WoUaston.t followed in the same 
year by Sir Humpbrey Davy j by Davies Gilbert, in 1827 ;{ the Duke of Sus- 
sex, in 1830 ; the Uarquis of Northampton, in 1838 ; Earl of Bosse, in 1849 ; 
U)rd Wrottesley.in 1854; Sir Benjamin Brodie, in 1858; and General Sabine, 
in 1861. The latter still worthily occupies the chair. 

Aa something has been said above of flnancial embarrassments at an earlier 
period of the Society, it is gratifying to state, on the authority of Mr. Wcldj 
referring to the year 1848, that this condition of things is wholly changed ; be- 
sides certain tracts of land, the Society then held in the public funds upwards 
of .£33,000 ; its income being derived from rents, dividends, annual subscriptions, 
admission fees, compositions, and sale of Trantactiom and Fro-xediitgt. The 
number of Fellows, at the same date, was 821, of whom thirteen were houoraiy 
and forty-seven foreign. I'he librair of the Society, then containing upwards 
of 40,000 volumes, is extremely rich in the best editions of scientific books. 
Fellows are allowed to borrow books under certain regulations, though still more 
nse is made of the library for purposes of reference. 

The sessions of the Society commence in November and continue until June. 
At the ordinary meetings, after the iisual preliminary business, one of the sec- 
ictaries announces the presents made to the Society, which arc so numerous that 

■Whilhar the Society removed ic 1780. 

t In tcference to the eitraordinary tact and aontenesa of WolUtlon w b ph^sicut, it was 
Hid b; Magr^die that "his hcarinfr was so fine he might have bo«n thought to be blind, and 
Idi ii^t aa pierdng be might have Doon supposed to be deaC" 

tUr. Gilbert will DO remembeied bj Amcricoas M having pronounood theenlogfon Soillli 
•ou, couUuiied in the firit Smithtoiiian Annual Ri^vort. ( nouir 
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tbeir titles fill, on an average, two folio pages weekly dnrint; tbo seseion. 
Cerlificatee of candidatee for dection are then read, and next eucu paper or pa- 
pers lis may have been communicated to tLe meeting. For these papera formal 
thanks are returned, and they become thenceforth the property of the Society. 
Diecueeion on the subject treated of in the paper follows, after which the meet- 
ing ie adjourned, and the Fellows repair with their friends to the library where 
they partake of tea, a custom introduced, it ie stated, by Sir Uumphrey Davy. 
A eonvertazioTU ensues, which lasts nntiJ nbout eleven o'clock. The conncU 
meets monthly, or more frequently, if necessary. The ecientific committees 
aeeembic as occasion requires. Those annually appointed are : Mathematics, 
astronomy, physics, chemistry, geology, botany, zoology, and animal pbysiolt^y. 
The number of members varies from fifteen to thirty, the latter number repre- 
senting tliat of physics which is the largest. The Fhihiopkictd Trantaetunu 
are generally published in two ports, (June and November,) which form a vol- 
ume, though occasionally a third or even a fourth part appears. Besides the 
Tramactiont, abstracts of the papers and minutes ore published monthly, and 
these, now extending to more than ten volumes, are entitled Praeeeding* of the 
Royal Societ]/. 
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A BBIEF SKETCH 



MODERN THEORY OF CHEMICAL TYPES. 



BY CHAKLBS M. WBTUBBILL, PH. D., H. D. 



After the electric current bad been applied to the decompoBition of inorganic 
bodies, and it bad been discovered that hydrogen, the mctaU, and the bases 
appeared at the negative pole, while oxygen, chlorine, and the acids were mani- 
fested at the positive pole, the assumption that electrical attraction was the 
bond of Qoion in chemical combinations was very natural, and the electro- 
chemical theory growing out of these experiments became speedily adopted by 
chemists. The theory explained satisfactorily all known phenomena ; it gained 
additional snpport from the discovery that the chemical elements and com- 
ponuds were separated by electricity from their combinations in the ratio of 
tbeir equivalents. In those days it was assumed, and at the present time it 
ia manifest, that any theory not embracing organic aa well as inorganic com- 
ponnda would be untenable, and hence arose the radical theory, first applied 
to inorganic Baits, but afterwards thoroughly studied and developed in respect 
to organic compounds. 

Ab the present sketch is intended less for chemists than for others who may 
be conAiBed at the appearance of the formulie of organic compounds given in 
modem chemical esBays, the author may be pardoned in citing facts and 
formnlee trite to chemists. He would also take occaBion here to accredit to the 
Xiehrbuch of Graham Otto many of the illuBtrationa, aa well as some of the 
a^umentB, employed in the present sketch. 

The nature of electrical attraction renders the idea of binary compounds in 
chemistry imperative, if we assume that electricity is the bond of union in such 
compounds. 

Berzelins imagined the elementary atoms laden with electricity and with 
positive and negative poles, but so that in the atom of one element the positive 
electricity predominated, while in that of another element the negative elec- 
tricity was in excess. This exeeaa of (+ or — ) electricity communicated its 
characters to the element, making it positive or negative. If two atoms of dif- 
ferent electrical character are brought sufEciently near to each other, they 
mutually attract each other, forming a compound atom, which is itself positive 
or negative according to the predominance of one kind or the other of its 
electricity. The new compound aiom was, therefore, susceptible of further 
attraction by another compound atom of different electricity, and so on, the 
attraction becoming weaker as the compound atom becomes more complex. 

Ampere imagined the atoms of positive elements to have positive nuclei with 
□^ative atmospheres or envelopes, and atoms of the negative elements to have 
negative nnclef and positive envelopes. Hence a positive and a negative atom 
npoQ coming together would motually polarize each other j the + and — E of 
their nuclei would draw them together to form a compound, oad the 4: E> of 
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their reepcctive envelopes would be driven off and combine to produce the 
electrical phenomena always attending cbcmical nction.* 

According to this view all chemical componnde are binary; they are 
capable of being decomposed by the electric current, which attracts the atoms 
from each other according to their character, the positive appearing at the 
negative pole, the negative at the positive pole. 

In writing furmulm the positive atom or atom group ia placed BSPORE the 

ne^tiveone, thue : KOj SOj; KO. SOj.t 

The most complex formulfe arc conslructcd according to this binary method. 
In alam = K0»03 +AI1O] 3tjO, + S4U0 the sulphate of potassa atom 
is positive, and united to an electro-negative atom of sulphate of alumina to 
form B still more complex atom of positive character, which is united to the 
negative group of atoms S4U0. When, however, the atom becomes bo com- 
plicated, it is difficult to determine the clectro-cbcmical character of its imme- 
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diate constitueota. Id the above example the 84HO maybe drivenoff bjbeat, 
bat not by electricity Btmply; and from other conBiderationa it is imposeible to 
decide from analyeia alone wliether water ia an acid or a baae, aa it pOBBeaacB, 
aeeording to the tuhslance leilh which it it combined, each of theae cboracteTa j 
in oil of vitriol it is a baae HO 8O3 ; in hydrate of potaaaa, aa acid KO HO. 

There ie Etill another method of imagining the grouping of the atoms io a 
complex atom to form a binary compound. This involvea the oieence of the 
radical theory. 

SOa docB not redden litmns aor fonu salta with baaea ; ila compoand with 
HO (oil of Titriol) poBBcsses this property. We may imagine this acid to be 
HO, SOji according to the principlea just laid down ; or to be H S0(, a binary 
compound, in which H is + and S0( \b — . If for hydrogen we Bubatitiite potaa- 
Biam or any metal, we will have aulphate of potaaea or the aalt corrcaponding to 
the metal. S0| is, therefore, a coraponnd radical in the senae in which the word 
baa been employed in chemistry, although it boa not been iaolated. When 
water and anhydrouB Bulpharic acid are brought together, tbia compound radical 
is generated by the decompoeition of water in the manner illuBtrated above. 

It ia, however, more particularly in the caae of the bases that the theory of 
compound rodicala haa been dcreloped. 

Tne example of ammonia illuatratea an inorganic compound radical ; if, in- 
deed, it may at present be called inorganic. 

The gaa ammonia NH3 (in a manner analogous to that of anhydrooe sulpharic 
■eid) acquires basic properties only by the action of water ; NHj, HO ^ NH| 0. 
NH4 is tne compound radical, ammonium. It has never been iaolated ; it is an 
hyiKithetieal group of atoms playing the part of a mctol. 

The following table illustratea the parallelism existing between compound 
and simple inorganic radicals : 



Amip. radical ammoala. BimplB radical potHK. 
+ - + - 

NH4 + 7 Oxide. f K + 

NH, + S 1 Sulphide. J K + 8 

NH, + CI f Chloride. 1 K + CI 

NH* + 8O4 J Sulphate. [ K + SO4 



When organic chcmiBtnr began to bo developed, the compounds first studied 
were those containing diErarent proportiona of carbon, hydrogen, and oxygen, 
together with a few containing nitrogen. These were studied in their analogies 
to inoi^anic compoundB, and the assumption of a large nnml>er of organic 
radicals became imperative. For example, if ether (C4 HgO) were the oxide 
(^a radical {d Hg) called ethvl, tlie compounda of ether could be brought into 
comparison with those of oxides of the different metale, (G( Hg,) being a com- 
poond organic radical, wliich group of atoms plays the part of a metal, thus : 

Ethyle 1 

Ether 

Alcohol HO 

Chloride of ethyle 

Nitrate of the oxide of ethyle N0« 

Acetate of the oxide of ethyle I 34H,)0» 

Sulphate of the oxide of ethyle 1 30g 

Bulphovinic acid 1 JOj + HO.SO, 

Sulphovinate of the oxide of zinc BOj + ZnOSOj 

Fotaeainm '. 

Potaeaa KO 

Hydrate potaasa KO.HO , , 

Chloride potasBium KCl : .^ .„C_iOOgle 
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Nitrate potaaaa KO. NO. 

Acetate potasea KO. ( C4Hj)0j 

Salphate potossa KO, SOj 

Biaulphate potaasa KO.SOj + HO, SOj 

Snlphate potassa and zinc KO.SOa + ZdO.SOj 

Upon thia principle, and notwitb a landing the fact that for a long time the 
organic radicals were entirely hypothetical, the development of organic radicaJa 
went pari patiu with the stndy of organic compounua. The following illue- 
tration ahows bow the organic acida were anbjected to the radical theory. 

Acetic (CjH)O, with mdical acetyle (CjII) 

Propionic (C,ll3)0j " propyle . . . (0<U3) 

Bmyric (CbII,)03 " butyle .... (CaH^) 

Valerianic (CwH.jOj ■' valyle (CoHi^) 4c. 

The theory ia ao aimplc, ao well known, ao aatiafactory in the explanation 
of tbe phenomena to which it ia applicable, that the reluctance to abandon it, 
eapecially by chemiata educated under ita influence, ia natural. That it haa 
been attacked vigorouely, and almost to ita fall, ia owing to the preaent great 
wealth of chemical compounds, and the discovery of phenomena which cannot 
readily, if at all, be brought in subjection to it. 

DaUy the realm of chemistry is extending, and the boundary line between 
organic and inorganic compounda ia becoming more and more indistinct. If to 
the atoma of carbon, hydrogen, oxygen,' and nitrogen baa been aeaigned a 
greater fociliy' of rautnal chemical attraction, the reaaon liea lesa, perhaps, in a 
peculiarity of the nature of theae atorae, than in the kind of experiments to 
which they have been subjected. Continually, elements formerly called in- 
organic are added to organic compounds, and it is not too much to expect that 
the Bsmo chemical attractioua exiat between all of the elements aa between 
C, H, O, and N inter Ulu. If tbe right of combining, in indefinite nnmbcr of 
atoms, tbe original organic elements, gives rise to ao many " changes'' i. «., com- 
pounds, what would it be if each of the aixty-four elementa conld play an equal 
part with these ? 

The number of possible chemical compounda wonid approach infinity, and 
could only be conceived by the aid of comparison. It would be no exoneration 
to compare their number with the distance from the earth of tbe fixed stars ex- 
pressed in feet, or even with tbe diameter of that great orbit in which our solar 
system ia enppoaed to be moving. 

It is true that theories are not formed to meet Jitture wants ; but, nevertheless, 
a general consideration that the radical theory was becoming daily insufficient 
for the rapid increase of chemical facta, urged thoughtful men to invent a theory 
which should, at least, generalise chemical compounds, and bring them into tbe 
proper order and connexion to render their more perfect atudy poaaible. A 
satisfactory theory baa not yet been invented, and chemists ore loath to aban- 
don totally the electro-radical theory for that of typea pure and simple. 

While the radical theory was in a very flourishing condition, certain newly ob- 
eerved phenomena demoutitrated that we conld substitute electro-negative chlo- 
rine for electro- positive hydrogen in a compound without changing the chemical 
character of the body to a great extent. Thus, by the action of chlorine (CI) 
upon olefiant gas, (C, H,.) four Dutch cbemista bad many years ago discovered a 
peculiar compound, which has received the name of Dutch liquid, and which 
has the composition C4 H^ di. When upon this body tbe action of chlorine 
was continaed, supported by ann light, it was discovered that a series of liquids 
could be obtainea baring the same character as Dutch liquid, but differing in 
that the hydrogen was replaced atom by atom by chlorine, thus : , 

)Oglc 
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Dwtch liquid C4R4GU — {0*^^)01% 
Iflt anbatitutioD CjHaCI, = (Ct i ^|'lci, 

2d ■■ ©.HiCl, = (C, { qQgU 

3d " C«H Clj = (^*{q] )c1. 

4th " ecu ~ (04C1<}C1, 

If apon the mcmbera of this Bcries an alcoholic solution of potaasa act, one 
eqaiFafent each of hydrogob and chlorine is separated, and we obtain the fol' 
loving compounds: 

From Dutch liquid CHtCl, we obtain C,^^ \ 

" Ist substitution 04H3Cla " C,™' \ 

'• 2d '■ C^HaCU " C»^j^ [ 

" 3d " C,HCIs " CiClli 

which demoneCrates tliat in Dutch liquid and its chlorine compounds the latter 
clemeDt existe in two courlitioiis : one in which it takes the place of hydrogen, 
atom by atom, and another in which it unites with carbon and the compound 
atom thus formed. In otiier words, the negative atom of chlorine drives out 
aad takes the place of the positive atom of hydrogen. To bring these phe- 
Domeaa io accord with the former electro-chemical theory, we would have to 
assiga to the atom of chlorine a preponderating positive and a negatire charac- 
ter at the same time, which was deemed inadmissible. 

The saibe difficulty occurred with respect to the negative atom oxygen, to 
which, according to some, a place had to be assigned sometimes inside of the 
poiiliee radical. 

The beli.ivior of acetic acid with chlorine gas in sun-light affords a strik- 
ing example of the aubstitutioa of 01 for H. By this reaction, from C< H, O4 
(acetic acid) there arises, by the substitution of chlorine for hydrogen, chlor- 
aeetic acid, { O4 q, > Ot I and between the two acids there is a great chemi- 
cal similarity. They each saturate the same amount of base, and when acted upon 
by the same- reagents, give rise to analogoiw products. I'hus, by heating with 
excess of alkali, acetic acid becomes carbonic aciJ (2 C Oj) and light carbnretted 
hydrogen, (Cj II,.) while by the same treatment chlorocetic acid becomes 
3 C Ot and C] p. > or chloroform, which may he regarded as light corburelted 
hydrogen, in which a portion of the hydrogen is replaced by ciilorine. By thn 
action of nascent hydrogen, chlorocetic acid is regenerated to acetic acid. It 
is tmc that these difficulties mi^ht be reconciled by the assumption of both a 
negative and positive character Ijeing assumed under different circumstances 
by the same atom. This must be done in certain instances to bring the mod- 
em type theory in accord with the electro-chemical theory, and, indeed, the 
experiments of Schoenbein upon ozone, and the phenomena of the action of 
certain bodies in tbe " nascent" state, would render this assumption not un- 
hkely ; but the immediate result of the experiments cited was to hold the 
electro-chemical theory in abeyance, and to develop the theory of types. 

The first type theory was a theory of the datiijir.alion of chemical com- 
pounds, and was analogous to the natural history system of classification into 
Olden, genera, and spociea. There was a/'molecuUr" or "mechanical" type 
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which comeponded to the "order;" a "cbemieal" type to the ' genne;" and 
the Tarioofl members luider the same chemical type correeponded to the 
" Bpcciea," 

Componnda of the eame molecular type Gonaisted of the same namber of 
atoms ; bat not in binary groups, na the electroHihcmical theory required. 

Under each molecular type were the chemical types, coasietiug of the same 
number of atoms (as before) but aimilarly arrauged. The iudiridnals of the 
Eame chemical type coosistpd of the same number of atoms, similarly arranged, 
but differing in the kind of aWmi. The following example will illustrate the 
theory: 

MOLSCCUR TVPB OP TWELTB ATOMS. 

1 . I. _■ I . (Acetic acid C^ H, O, t Individuals of 1st chemical 

l.t chmicJ typ { aUonccticMid . C, Ci. UO. } lype. 

oj », _■ 1 *_ (Alcohol C4H4O1 ) Individuals of 2d chemical 

za d.m,oJ typ« j „.„„j„„ C. H. S, ! tjp.. 

These all belong to tho same molecular type of twelve atoms. The first 
two and tho last two belong, respectively, to the Miaciemiea/ type; the atoms 
are regarded as being similarly arranged, becauM acetic and chloracetic acids, 
on the one side, and alcohol and mercaptan on the other, bear a great anal(»;y 
to each other in their cumponnd« and in the products of their decomposition by 
the same reagents. The following method was adopted for writing the for- 
mnls according to this theory : 

AceUc acid ^* hM *^' 

Chlorw»tic acid *^'H^}0* 

Acetate of potaasa *'*k''I'-'* 

Acetic ether *^'/CH ) I*-** 

CHiloracetic ether C4 (cm) 1 ^* 

The fbllowiog contain C* H* O4, but the atoms are arranged differently 

Butyric acid *-' h' I *^' 

Aceticether ^''(C^Hll^* 

Propionate of methyle *^«(C H 1 \^* 

It will be observed that chlorine, in the type, takes the place of the mpper 
hydrogen atoms and potasainm, and the radicals the place of the" 2t>toer oues, 
Ihito indicating the difierent nature of the several hydrogen atoms in the type ; 
and. fur'.her, that this theory was obliged to assent to the idea of " ladicau," 
uaiwly. groups of atoms playing the part of single atoms. 

I'he typo theory met with many supporters, some of them the beat thinkers 
which haw enriched modem chemistry ; it met with many Tariations, some 
•.'f «hik-h poni'trated far into tho realms of faucy; but it would probably have 
t:i'!(H iiiln disuse had not the discovery of the compound ammonias directed 
ih.- au.'iiliiin of the chemical world to this method of imagining the coustitatioo 
ut' i'I>.'iuit'al compounds. 

At U>^' *tmo time that attention to this Bubj'i'Ct was arrested, homologous 
.,,1 ." *vtv discovered, {by a type theorist,) and important laws with respect 
'.u tiicui, iM'b as the relative boiling points of their members, their vapor cUo* 
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sity, atomic volume, ftc., became known ; tmt of vhicb accesBiona to onr koowl- 
edgfl was developed the modern trpe theoty. 

The componnd ammonias are bases bearing a very great analogy to ammo- 
nia, thdr salts being strictly analogona. By the former radical theory it wonid 
be impossible to assign to them satisfactory formnls ; but hy the assmnption 
that they are constitnt^d after the pattern or type of ammonia, their formnl» 
become very simple. They are ammonias, in which one or more atoms of hy- 
drogen are replaa^ by one or more radicals, thus : 




Ammonia. 



TrlethflamllK. 

(O.H.) 1 
(C.H,)fN. 
(C.H,) J 

Tbe laws alluded to above which enable a more correct conception of the 
chemical constitntion of bodies are as follows : 

1. Tie lata of even atoms. — The remarkable fact has been discovered that 
(the cqivalents of and H being 8 and l) by for the greatest number of 
organic compounds contain an even number of carbon atoms ; further, that the 
■um of the atoms of hydrt^n, chlorine, iodine, bromine, nitrons oside, (N Ot,) 
nitrogen, and metal is an even number ; which is alao true for the sum of their 
oxygen and sulphur-atoms. For example, in Benzoic acid GuHg O4 thenumber 
of carbon atoms is an even number, and so is that of the hydrogen and of tho 
oxygen atoms. 

2. TAf law of atomic volume. — The greater portion of organic compounds ex- 
perience in the vaporous condition a condensation during the combination of 
their elements to four volumes — in other words, in the state of vapor their 
atom occupies four times the volume of an oxygen atom. This law, it will be 
remembered, is seen by comparing the quotients arising from a division of tha 
equivalents of compounds by the specific gravity of their vapors, and gives tbe 
result that the atomic volume of the atoms of the elements and their compounds 
bear a simple relation to each other, as may be seen from the following table, 
which is quoted from ita bearing upon the type theory : 



Hameiof bodlea. 






Bolphoi 

Oxjgtia 

PhMphonui 

nydro^Q 

NinwoD 

Cblonne 

firomiDe 

Water 

Satphoretted hydrogen. 

CarWiic acid 

Protoiideof nitrogen.. 
Ttenioxiile of nitrogen.. 

H jdiochlorio acid 

Ammonia . . 

Cblorido of eth;le 

Acetic acid 

« of etfarlc. 



C, HiCl. 
C* 11, 0,. 
Ci.HhO, 



14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
29.88 
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So cloeely do chemical componndB confonn to this law that it is nsed daily 
to control vapor dcneitj determinations ; the experimeDte show whether the 
condensation ie to 1, 2, or 4 volamcs, and whethRr, accordingly, the eqaiva- 
lent of the body is to be divided by 7.2S, 14.44, or 38.88, to calcnlate the den- 
eity of itB vapor. The calculation is more accurate than the actaal eiperiment 
OD account of the superior accuracy by which the equivalents have been deter- 
mined. The law of even atoms, and the obeervation that in most oi^;anic com- 
pounds the condensation is to 4 volumes, serve oAcn to determine the formuln 
of organic compounds. Thus, to acetone was formerly assigned the formula 
Oj Uj 0. whicn satistics neither law; by doubling its formula (and there ia 
no chemical reason to the contrary) it becomes Ce Hs Ot, which satisfies both laws. 
For the same reason the formula of ether (Ct Hj 0) may be doubled to Cg HjoOi. 

Again : it has been doubted from its origin and chemical behavior whether 
Bmyrc obtained from amylic alcohol {Cm Uji O2) should have the formula Cm 
H||, or C^o Ub ; but the latter formula agrees with the law of even atoms, and 
with a conden^Htion to four volumes. 

3. TA« law of homologou* »erif$. — Another law influencing strongly the de- 
termination of chemical formultc, and which is one of the most remarkable 
among the discoveries of modem chemistry, is that of homologous aeries. 

The following ia an example : 

Sbribs (G„ H„yi.) 



Ethfle battle. 
Elbfle amylo. 

Bntrl* 

Bntjle Binjle. 
Am^le 



(C, 

to. 



' U,o Hi, i 



108° 
132° 
1560 



0.701 
0.707 
0.710 
0.725 
0.741 



2. 97 
3.46 
3.94 
4.43 
4.91 



The members of this series are subject to the "tame late;" they advance 
from tlie lowest by an increment of V2 H,. A general formula for the series 
would be C„ ll(n + *,) n being an even wliole number. Their boUing points 
OS well as their specific gravities in the liquid and in the vaporous condition 
rise gradually. We have, from its position in this series, an additional reason 
why amylc should have the formula Cp, Hj],'and not Cio Hn. Indeed, as may 
be seen in the table, amyle is regarded as having (in combination) Gio Hu. bat, 
when in the free stale, two of its atoms are joined together to form a compoand 
atom OiT Hzs- l^e following are additional illustrations of homology , 



I. HYDBOrARBONS. 

(C„H„.) 

Ethylene 0» H, 

Propylene Cb Hi 

Butyleno Cb H, 

Amylene CijIIio 

OleSnc CuHu 



II. AciDn. 
Cb H„ 0*. 

Formic Ci Hj 0« 

Acetic C, Hi O, 

Propionic Cb Hg O, 

Butyric . , Ob H» O, 

Valerianic , . . , C|„ H ,0 0« 



Palmitic . 
Stearic . . . 



CaHaO, 
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in. Alcohols 

C„H(„+fi,0,) 

Ponnylic.... C, H, Oj 

EthyUc CtHt Of 

Propylic Ce Ha Oj 

Bntylic 0, HmO, 

Amylio CwHoOj 



IV. Basbs. 

Aniline CuHt N 

Toluidine... C|,H» N 
Xylidine... C,eH„N 
Gnmidinc.. . GibHuN 
Cymidine... CmHjjN 
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Hydrocabbdns. 

CijH, 

Toluole Ch Hg 

Xylole CisHiB 

Cumole CigHis 

Cymole C»Hu 



Aethalic CnH^Ot 

The moet renoarkable phenomeBoo ooitoeoted vith hcaaoiagona tenet is not 
the uniform law according to which the fonnnln ue developed ; but that th« 
saccessive increment of die atoms C* H| contribntes to a certain r^nUrity of 
physical and chemical character; thus, neighbore in the aeriea hafc greater 
aualosy to each other than to more distant membefs. The acids and alcohols 
qnotcM!^ advance (at the normal temperatore) by degrees ft«m liquids to eolidB ; 
and chemically, formic and acetic acids on the one hand, and palmitic and st«* 
aiic acids on Uie other are ooalogone. The boiling points increase with regn- 
larity ; for example, in Beries II and III overy addition of C} Hj odds 19° 0. 
to the boiling point. Thongh this regularity of boiling point applies to othw 
Boies, the differuice is not the same tor all ; thns in series V every Inoremeat 
of Cf Hi odds 24" 0. to the boiling point. 

It wonld create too great a diversion from the mail <^eat of^e preeent 
article to enter further upon the nature of homologous series. The curious hnr 
may, however, be cited with respect to certun series of acids, ethers, and alco- 
hols, viz : that if two of them have an equal number of hydrogen and oxygen 
atoms, and one has X more atoms of carbon, the latter will boil at X I4.S degrees 
c^itigrade higher. For example ; 

Benzoic acid, Gu H^ O^; boiling point, 353° 
Propionic acid, Gg H« 0*; '■ 137 



Angelica acid, Cid H, 0, ; boiling point, 185° 
Butyric acid, 0, H, O,; " 1S«° 

Difference, Cj 2 X 14.5= S9° 

On the other hand, if the number of atoms of carbon and oxygen is the 
same, and one compound eenttuns X equivalents less of hydrogen, its boiling 
point will be X 5 C." higher. 

Angelica acid, Ois Hg O4; hoilfaig point, 185° 
Valerianic acid, do H,e 0* ; " 175° 



Difference, 



H, 



2x5 = 



10° 



Not only an the members of the same series subjected to one and the same 
law, but s<Hne of the sertcs are connected with each other. The importance of 
this fact b very great, since it enables a systematic grouping of chemical com 
pounds. From the character of wcU'Studied bodies, and from the analogies 
alluded to, we are able to pronounce a judgment upon the chemical constitution, 
nature, and behavior of new bodies. 

This connexion of the scries is as follows : 

From alcohol Gt Hg Oi we may obtain by the addition of oxygen, aud by the 
subtraction of hydrogen, acetic acid, (0, H, Oa) + 0« = (G, H, O,) + 8 H 0. 
Hence, in general terms, if from the series (Gq ^io+^ O2) we subtract Hj, and 
add Oj = (Gn Hn O4,) we obtain an acid aoalogoos to acetic acid. Miweover, 
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by Bnbtracting 2 H O from (On H(n+a)Oi ) we obtain C, Hn. or the series of 
hydrocarbons (I.) Ethylene is thus actn^y obtained from alcohol. 

Again, from evety acid of the series Cq H^ Ot we may obtain an amide Gg 
H(„+i)NO,. 

The law of homology eoudaced strongly to the type theory by contributing 
a better knowledge of the chemical constitution of bodies. By its study, radi- 
cals containing oxygen were definitely accepted. Thus, (in series II,) acetic 
acid (G4 H, 0() is not formed from ethylene {Ct H,) by ^c addition of 0|. bat 
from alcohol (G4 H« Oj) by the addition of Ot, and by the subtraction of Hi in 
such manner that the radical (C4 Hj Ot) is formed ; which makes acetic acid (C4 
H4 Ot) ^(Ci HjOt) H Of As a proof of the existence of such a radical in 
acedc acid, we may obtain its compoand with chlorine by the action of oxychlo- 
ride of phosphorus upon acetate of soda, and we may restore this chlorine com- 
ponnd to acetic acid Dy the action of water upon it.* 

(NOi) is another radical, containing oxygen. By acting upon benzoic acid 
so as to substitute (NOi) for hydrogen, we nave nitro-benzoic acid— that is. Cm 
B« 0« becomes C,( H, (NO4) O,. 

These considerations have been leading na gradually to the ideas of modem 
chemical types. Such a type ia a group of atoms of which the individuals bear 
a certain relation to each other, and forms a pattern for imagining all chemical 
compounds, between the atoms of which a similar relation is supposed to exisL 
It may be illustrated by certain blocks glued together, or by a cage of wire with 
compartments, in which the blocks may be placed, thus : 

TBB TtPE — WATER. 



Examples of the type of water 
8aifhina«d Bfdrogtu. 




* Bm examples of reactions b7 the t^pe method toward the doaa of thia article. 
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The four compoondB represented above are anppoBed to be d 
the pattern of water, which is the type. Thus, if the oxygen at 
ue replaced by snlphnr atoms, we have snlpfanretted hydrogen. 
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e constitnted after 
n atoms of the type 
y snlphnr atoms, we bave snlpfanretted hydrogen. 

If, in the type, we substitute for the hydrogen block, npon the left hand, a 
potaasium block, the reeolt is hydrate of potassa. If, on tne other hand, we re- 
move a right-hand block of hydrogeQ, and flnbstitnte a block representing the 
ndical acetyle, we have acetic acid. And if we replace each hydrogen block 
of the type, one with a potassiom block and the otaer with an acetyle block, 
there resolta acetate of potossa. 

In the above illnstration the compounded blocks are of one size, tfaoe repre- 
lentitig a volome of four oxygen blocks, and conforming to the law of conden- 
aation of organic componnda to four volnmes. We mast bear in mind that the 
in^vidnal blocka may be larger than an oxygen block when outside of the 
tTpe, though condeneed to the aize of anch block in the compound. For ex- 
ample, 2 volumes of oiygem-4 volumes of hydrogen^6 volnmes, which are 
condensed, by combination of the gseea, to 4 volumes of vapor of water. 

Hydrogen coustitatea another type, thus : 

HVDROOBN TTFE. 




Benzole and Acetone examples of this type are represented thns i 
Btmi«U. Actton*. 




ioy Google 
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Ammonift gives anotber type, tbtn ; 



fithf lomine and Aniline ate examples of this type, and are Uioa 



The lize* of these hydrogen and ammonia types are eqnal to that of the 
water type, viz : foor volnmea. 

With this preliminafy illostratioa the following tahle (from Graham Otto's 
Lehrbnch) may l>e qaoted : 



itizecy Google 
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The table Ulostrates the method of writin^the fonnnln of bodies according . 
to the types of water, hydn^en, and ammonia, to which tbey respectiTelv belong. 
Determinations of the specific gravities of the vapor of waxa and of hydrogen 
show that the formnlte H O and H (O ^ 8 and H ^ 1) agree to a condensation of 
two volumes. In order, therefore, to make types of these bodies, their fonnnlie 
most be doabled so as to correspond to a condensation of fonr volomes, which 
is the atomic volume of the greater part of oi^auic componnds. 

The formula for ammonia N Hj already corresponds to fonr volnmee. «. g^ 
2 vols. N+6 vols. H ^ 8 vols, condensed to 4 vols. N Hj. 

It will be observed that, in the table, compounds of a baric character are 
placed to the left hand, thoee of acid nature to the right baud, while Bait or 



neutral bodies occupy positions in the middle of the table. 

It will be observed, further, that in the formnle of the bodies accordiag to the 

types H i ^* ^^ H i ^^^ electro-negative elements are placed in the bracket 
to the left hand, and these are distinguished into a superior atom of hydrogen, 
capable of being replaced by chlorine, &c., or an a<ua radical, and an inferior 
atom of hydrogen susceptible of being exchanged for a metal or basic radical, 
while the electro-negative elements, oxygen, sulphnri &c.| occupy positions to 
the right hand, outside of the bracket. 

The relations existing between anhydrous or hydrated acids or bases ; the 
difference betweeo hydrogeu acids and oxygen acids ; the nature of acid, base, or 
salt, are more readily perceived by a dose examination of the table than by the 
most extended description. It will be seen by this inspection how the ammonia 
salts are represented. »n * [Oi is the acetate of ammonia. By adding H 

HI 
to the type ammonia we have a new type d /^< ammonium, which enables 

h1 

the formation of salts, according to the ammonium theory, by introducing this new 
type into the type of water. Thns diethyle>methyle-amyle.«mmonium would be 

/ C H ") I H ") I 

^* 2* In. Its hydrated oxide cl h! (^ I O,. Its acetate c! H^ [-^ lo,. 
n TT I *-'• Hj f * I Cl Hj f * I 

°-^"^ C,.H„J J C„H„J 1 

The homologons series may thus be geueialized by this system of nomencla- 
ture — e. f., ordinary alcohol is Q H 1*^' H >0, is any alcohol, and 

" ^ * I "^^ corresponding acid of the same homologous series. 

Another principle, which has been adopted in the type method, consists in 
the assumption of radicals capable of replacing Hi or Hi in the types. Such 
radicals are diatomic when they replace Hj, and are represented thns, (",) and 
triatomic ( '") when they replace Hi ; and the types of water, hydrogen, and 
ammonia are doubled or trebled to form new types by which biba«c or tribasic 
acids or salts may be represented. Thus : 



■;}o4. 



DIBASIC Aans. 

Bnlphnrlo uld. Booliils Kid. Tutarie (d 

S, 0." t „ Oe H4 0." if. C, H4 0," 

H, /"*■ Hi J"*- H, 

TRIBABIC ACms. 

Pboipbotla. MMOnlc. OHrle. 



!;}»•• 'S">- '-r'"}"- '°t,%}ie.- 
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The fellowing are ezamplee of the dnplication and triplicatkna of Uie hydro- 
gen Kod ammoainn) types : 

Typfl, Gbloro-nilphaTlc aciil Chlorlds of ncclnyle. r 



H,J 


8.O.' 
CI, 


'! 


0, H. 0," 1 
01, ( 








0,H.O.") 
H, JN, 
H. S 


H,) 






P 0,'" ) 
01, } 


H,) 
H,fN,. 






Cltnnilde. 

0„ H. 0."' 
H, JN, 



These derived types are connected with the primary types by the hypothesis 
that a "polyatomic" radical may replace teveral atoms of hydrogen in the 
primary type. Thus — 

Typa. Anhrdnnu mlpbiiito KM. Aotrdnu ncdnlc wld. 

h}0, 8,0." }o,. o,h,o,"Jo,. 



HfN. 
h5 



The following examples illaEtrate the nse of the type method of expresBing 
a chemical reaction — e. g., that of hydrochloric acid with hydrated oxide of 
ammoninm. 

By the former method it would be^ 

NH*0 + HCl = NH4Ci + H0 

By the type method — 



0. 



Again ; by the action of oxychloride of phosphoms npon acetate of soda, 
chloride of acetyls is formed together with phosphate of soda, which reaction 
is represented. 

By the former method — 

P 0, Cls + 3 (N. 0, C4 Hj Os) = 3 N.O, P Oe + 3 {C* H, 0») CI. 
By the type method — 

CI, i+^\ N« ]^'}= Na, JOo+Sj ci. 

Some T^ard the type method of imagining a body as essential in the nature 

of matter; to these the type of the some body is invariable, with which, if 
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fkeaemeaA igiee not, the reason ia sooght, and the correct type determined b; 

experiment. 

Bat others employ this method as a means of comparing chemical reactions, 
and as suggestive of new experiments. Such write formnhe sometimes according 
to* the old nomenclatore, and sometimes take great liberties with the trpes, 
Tiewing the same body in different types ; for example, takiug aldenyde 

(Ot H4 Oi) according to the type n> thus: * q^ } <^'> according to the 

typeg}0„thns:^*^>}0,. 

A very serious defect, in my opinion, in the type method is that it places the 
hydrogen acids and salts in a difierent type from the oxygen acids and salts; 
imile the analogies existing between these acids and salts famish urgent reason 
why they should have the same constitution, which similarity chembta have 
always labored to discover. It is not fair to constitute a type ammonia fonnded 
on the chemical analogies of it and the compound ammonias, and at the same 
time place hydro-chloric and nitric acids in different types. And yet, by the 
present method, they cannot come in the same type, because, first, oxygen can- 
not come in the hydrogen type, if | ' n 1 ' '^^ second, in the water-type 
n I O] the oxygen outside of the bracket is differently combined, complied 
with the oxygen of an oxy-radical replacing H. Thus nitrate of potassa must 
be K * I Oi, and not ^ ' | > (since O4 and Of are dififereutty combined,) and 
chloride of potassium can only be j^ | . 

In concluding the subject, it may be observed that by the fonner method of 
writing formuls, the binary nature of chemical compounds, owing to the polarity 
of their atoms, was kept prominent ; while this is not the case with respect to 
type formulas, although in these the polarity of the atoms is not denied, bnt 
kept in subordinate view. 

Whatever be the faults or merits of the type method, it has, by placing bodies 
before us in a new reUttou, suggested experunents (which, peihaps, would not 
twTO been otherwise suggested) which have led to important discoveries. At the 
present time, not to understand this method of writing formulie is to be ezdudfld 
nom following the coarse of modem chemical progress. 
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BESEABOHES ON THE PHENOMENA 

WHICH CILUtACTERlZe AMD ACCOMFAXY 

THE PROPAGATION OF ELECTRICITY 

m HIGHLY BASEFIED ELASTIC FLUlDa.* 



BY PROFESSOR A. DR LA BIVB. 



I waB led ra'1849, in my first memoir on the uirura boiealk.t to ebow that 
the electric ligbt which is produced in a vscunm of from fonr to five miUimetres 
IB obedient to the actioB o( the magnet. I aabBeqnentl/ fonnd that this experi- 
mest, in whi^, to produce electricity, I at first used an ordinary electric instrU' 
ment, and then the hydro-electric mtchiue of Annatrong, sncceeded still better 
wiUi RahmkorfTB induction apparatns. The employment of this apparatus 
bu since supplied the means of studying in a surer and more commodions 
manner the propagation of electricity in rarefied gases, and thna the assurance 
has been obtained diat, while an absolute vacuum will by no means transmit 
electricity, the presence in any space of the smallest quantity of ponderable 
matter in the state of an elastic fluid sofficee for such propagation. To tbe cen- 
closire experiments of M. Gossiot wo essentially owe the demons tration of this 
important principle. It has been obecrved that the traDsmieaion of electricity 
throngb elastic fluids is eflected with more or less facility, according to the na- 
tnre and density of the fluid, and that it is accompanied, when the gas is very 
much rarefied, by an appearance which has been called the stratification of 
electric light, consisting in the phenomenon of a succession of strata alternately 
lanunons and obscure, presented by the luminous electric discha^e. The 
aettoa of the magnet on this ligbt has likewise been studied. M. Plucker, after 
immerous and important experiments, has ascertained its law in connecting it 
with the formation of magnetic curves. Lastly, different explanations have 
been o&red of the stratification of electric light, some based on the peculiar 
mode of the prodoctiou of electricity by Buhmkorfi^s apparatus, others referrinjf 
it, not to tbe character of the apparatus producing the electricity, but rather to 
that of the medium which propagates it. 

Tbe phenomena just cited-nad awakened in me a lively interest, and I have 
for Bome years more puticularly studied them. I have encountered great diffi- 
culties in this pursuit, as, on account of tbe necessity, in operating on highly 
i&refied elastic fluids, of having apparatus which will properly maintain a vacuum, 
as welt as very delicate instmmezUs to appreciate with minute exactness the 
degree of rarefacation. The establishment at Geneva, conducted by so skilful 
a machinist as H. Schwerd, has, however, enabled me in a great measure to 

f FnDch mcaaniEs, oomiNind with Enoliih, see Ihalast pace of this Baport, 
kimu tt da Phwtigae, tome XXT, p. 310; and Campk* Saiiiu i»CA t a i tmii 
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gurmouat theae difficulties, and to arrive at roBiilta which I can with confidence 
present to the society. 

Uy earlier researches, which had chiefly for their object the etndy of the 
ecneral phenomena, were directed only to hydro^n and nitrogen, two gases, 
differing greatly as regards their physical and chemical properties, and offering, 
moreover, the advantage of being at once simple, nnalterable, and without action 
on the metals serving as electrodes. Atmospheric air, on which also I have 
often operated, acts very much as nitrogen, whether because the proportion of 
oxygen it contuns is small in comparison with that of the nitrogen, or becanse 
this oxygen, at least in great part, qnickly disappears by reason of the trans- 
mitted electricity, which, converting it into ozone, facilitates its combinatioii 
with the metal of the electrodes. I have also, in some cases, mixed with the 
gae submitted to experiment a little vapor of water or of alcohol. 

Electricity has, in my experimenta, been produced by a fiuhmkorff inductioD 
apparatus of mean force, set in action by one or two pairs of Grove's cape,* 
and operating by means of the ordinary cut-off. The electricity thus produced 
is transmitted by means of copper wires covered with gutta-percha through the 
easeons mediums, more or lees rarefied, contained in glass vessels of different 
forms, tubes, jars, spherical or ovoid globes, &c. These vessels are to be carefully 
closed with good taps, and furnished with metallic electrodes of divers forms 
and natures, which serve to introduce the electric currents, t In the circuit 
which these currents arc destined to traverse we place distilled water in a small 

SlasB trough, some twenty centimetres in length by Ave in width and three in 
epth. Two plates of platina fixed reBnectivcly at the extremities of the trough, 
and whose surface is exactly equal to tne transverse section of the stratum of 
water, serve to establish this water in the circuit. The purpose of the interpo- 
sition of the water is to determine the intensity of the electric current by means 
of an expedient which permits, with that view, the employment of a very deli- 
cate galvanometer. Two wires of platina, each inserted in a glass tube, an 
attached vertically to solid supports, so as to be immersed in distilled water at 
their lower extremities, which extremities project from the glass only a milli- 

• The batterj in qneBtion is buta parlicular form which I have given to Grove'* apparatna 
to render its monngemeDt more convenient and prompt. It ia cooatructed aa follows : 

A glaaa jar with a larj^openingof about ten centimetres, cioaed witha glaaa atopper Tabbed 
with emerir, cootains alnut a litre of nitric acid. When tbe pur ia to be used, we remove the 
Btopper and ropioco it bv a poroua cylinder of auch diameter that it cao enter freely into the 
jar by the opening. This cylinder, lung enoueh to bo plunged nearlT to Ibe bottom of the 
Jar, has on ita nppnt portion an annulnr protoberance. by meana of which it reels oo the eAge 
of tbe opening. It containa snipliuric acid diluted with water, and a tQi>e or atrip of aioc im- 
meraed m tlio acid aolatioc. It ia, beaidea, sucronnded eiterually with a thin plate orplaUaa, 
to which is soldered with gold a wire, also of platina, which tenninatee outKide, traversing 
the annular projection of (be porous cylinder. The ainc and the platina wire each carrj 
nippers, by which the conductors are readily attached. There m»y be aeveral simHar 
paua, and nothing is easier than to arrange them in aeriea, ao as to obtain a battery more oi 
leea powerful. But a single pair ia safficiont, if well monnled, for nearly all slectro-dynamic 
eiperiuieDta. and particnlarly for the demonstration of the lawa of Amp&s, aa well as for the 
production of the phenoniena attending the discharge of the Bohmkora apparatoa in rarefied 
gaaes. . ■ 

It ia not neceasBiy often to change the nitric acid, lince the jar containa a large quanUtf. 
The saiDD acid may serve for several days and fur many experimenta. It is of advantage, 
however, ficqiianlly to change the acidulated water which fills the porous Inbe— a very eaaj 
and unpipensive operation. Fioatly, an important precaution to be taken ia, that, when we 
cease to use the pair, the poroua cylinder should be withdrawn from the nitric acid, care being 
taken immediately to replace it with the stopper rubbed with emery, and the cyhndei shonM 
be iuimersod in a bottlo Slled with pure water. Thus the emanations of the mtrona vapors, 
and Ibe pcnctialion of the nitric acid tbrouch the porous cylinder, are avoided. Wo ahonld 
^ard ngainat immersing the amalgamated zincs in the same water in which the poToa< 
cylinders have been plnnged, for the smallest trace of nitric acid in water anfSces to alter the 

t For electrodes I have chiefly oaed balls of platina, one cenUinetre in diam^. I 
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metre, in accordance vitb the plan of Dr. Wollaeton, while their apper extremi- 
tiee commimicate reapectJTely with two ends of the wire of a gaVanometer, 
whose coils are well isolated by means of resin. The anpports which bear the 
platina wires are movable along a division in such way that the two extremi- 
ties of the wires immersed in the water may be made to approach one another as 
closely as possible, or be separated very nearly the whole length of the stratnm 
of water. By means of a micrometric screw, the relative distance of the two 
points of platina may be so varied as to be appreciable to nearly the tenth of 
a millimetre. These two points draw off an almost insensible proportion of the 
electric coirent which traverses the trongh filled with water — a proportion, how- 
ever, which suffices to act in a distinct manner on the needle of the galvanometer. 
The proportion drawn off depends for a current of constant intensity on the dis- 
tance of the two points, so that, if the intensity be variable, it is the variable 
distance to which it is necessary that the two points shall be brought, in reference 
to one another, in order for the indication or the galvanometer to remain con- 
stant, which measnres the proportion drawn off in each case, and thus, by a ratio 
easily determined, the absolnte intensity of the cnrrent. 

Finally, a good pnenmatic pump, to which a second complementary one may 
be joined, enables us to bring the gas to an advanced degree of rarefaction, as 
to the elastic force of the gas, that is measured by a manometer of mercnry 
very careiiilly constmcted, with which, by means of a cathetometer, a difference 
of presenre of even the fifUeth of a millimetre may be appreciated. 



The Rohmkorff apparatns, of which I have availed myself, ^vgb in the in- 
ducted wire two successive and alternately contraty discharges. Hence, if 
these discharges encounter in the circuit which they traverse only good con- 
ductors, such as metallic wires, and even distilled water, no deviation is re- 
marked in the galvanometer, because the discharges being alternately in a 
contrary direction, and in rapid saccession, their opposed double action is 
nentralized. Bnt if the circuit comprises an elastic fluid very much rarefied, 
the resistance which it opposes to the passage of the two successive dischargee 
caosea one of them to predominate, so that the phenomena take place as though 
there vere but a series of discharges all in the same direction. The explana- 
tion of this difference is, that the two discharges, or iudncted currents, thoo^ 
equal in quantity, have not the same tension, the direct, which have a less 
duration, having a stronger teuaion. It thence results that when the circuit is 
interrupted by a body which is a bad conductor, such as an elastic fluid more 
or less rarefied, the direct currents can alone be transmitted, so that the direc- 
tion of the inducted current which traverses the elastic flnid is the same with 
that of the inductive current, and the latter changing, the other changes at tlie 
same time. 

The pressure at which a discharge of a given intensity begins to pass throngh 
a gas va^cs with the nature of that gas, with its degree of rarefaction, and with 
the dimensions and form of the vessel which contains it. Moreover, the dis- 
charge does not pass immediately upon the electrodes being put in communica- 
tion with the poles of the Buhmkorff apparatus. For that a certain time is 
oeceesary — a time so mnch longer in proportion as the lesistance is greater, 
whether arising from the nature or density of the elastic fluid, or fromthe effect 
of the form and dimensions of the vessel. Thus, in a long tube, from 2 to 
5 centimetres in diameter and from 30 to 50 centimetres in length, it requirea 
Beveral minutes before the discharge can be transmitted, however rarefied the 
gas. But the first discharge having once passed, the succeeding ones pass 
with facility, and follow one another so rapidly as to produce on the gdvA- 
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oometer the effect of a continnone cmrent. The pamage of the dieeba^es mar 
even be inteimpte'l for many minntea Trithont uie lose of the ot^Hidty whieb 
the gas had acquired of immediately tTanemittiiig them. To lose it completelj 
we must wait a long time, or renew the gas, and conseqaently again rarefy it. 
Ad equally important fact to be noticed is, that the dischargee once transnutted, 
there may be gradually introduced, while they are paseiiig, a new quantiiy of 
the same gae, which amounts to an augmentation of the deueity, witbont their 
oeaeing to pass; the preesnre may thus be carried to almost donble what it was 
at the beginning. The direction of the discharges has no influence oa this 
train of pnenomena; for, the diecharge having once effected a passage, its 
direction may be changed at will, without a cessation of immediate trtasmieeion. 
This result, which I have had occasion to verify in many and very different 
cases, wonld seem to show that the gaseona matter opposes a certain inertia to 
the establishment of that particular dispoBition which tbe transmission of elec- 
tncity requires, and which determines the tension which precedes that trans- 
mission; out that this disposition once estabUshed, it subsiBta long after tbe 
passage of electricity has ceased, provided no distarbauc« intervene in the state 
of the gas. It had long been supposed, particolarly in the theory of Orottbas 
on electrolytic dtcompontUms, that something analogous occurred m tbe trans- 
mission of voltaic cnrrentB through liquids ; it had thence been infeired that 
the tension of tbe poles of the pQes induced in tbe liquid in which Aese poles 
were plunged, a polarisation, which preceded the passages of the curreBt. Only 
these two cfiects succeeded one another in a time so sbort as to be inappre- 
ciable, while with gases they would be found to be separated by an interval 
of more or loss duration, but always appreciable. 

I shaJl restrict myself here to certain numerical results, — results of but little 
importance indeed, since it is impossible to deduce ftom them a law, in view of 
tlio numerous causes which occaBion tbcm to vary. They serve only to show 
t^e accuracy of the general principle which I have just indicated. We may 
also infer ftom them the great superiority of hydrogen over nitrogen and atmo- 
spheric air, as regards its conducting power — a fact already noticed by several 
experimenters. 

lu a tnbe 5 centimetres in diameter and 16 in length, the discharge, when 
Ihe tube was filled with atmospheric air, only began to pass when the pressore 
was reduced to 20 millimetres j with nitrogen it passed under a pressure of 24 
millimetres, and with hydrogen under that of 36 millimetres. It is true 
that Bubseouently, under the same conditions of intensity, and still with 
hydrogen, tne discharge passed at pressures of 42, and even 48 millimetrea ; 
when rendered still stronger, it has been transmitted under a pressure of 
even 72 millimetres. With a tube having a like diameter of 5 centimetres, 
but only one metre in length, the same discharge only began to pass through 
nitrogen under a pressure of &om 4 to 5 millimeters ; with hydrogen it passed 
only under a pressure of from 12 to IS"™. Afterwards, when stronger, and 
again wirii hydrogen, it passed under a prcsaure of 18, and even SO"". When 
tae discharge begins to be transmitted, it exhibits itself in very minute jeta 
or streams, more or less intermitted ; afterwards these atreams combiiA to form 
a luger and more continuous one. In a jar filled with hydrogen the discharge 
passed trom an isolated central ball to a ring 12 centimetres in diameter, 
making tbe distance of the transmission but 6 centimetres in a space of hydro- 
gen which might be called unlimited. In this case it was transmitted under a 
pressure of 128'^°°' in the form of streams more or leas intermittent and undn- 
tating, darting from tbe central hall to all points of the ring indifferently. At 
90*™ tbe ^scbarge gave rise to a contiunons stream, susceptible of being in- 
floencod by magnetism. 

We see, by ue instances just cited, that the pressure under which, for anj; 
^Ten gas, the ditecbarge can pass varies with so many drcumstanoes, that ita 
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determinatJon 1b of little hnportaoee. Not so, however, vben tliQ diBdiu|;e is 
once transmitted in regard to the inflaence wbich the pressure of the gas it 
travereeB exerte on its inteniity. The following are two comparative experi- 
ments made with nitrogea and hydrogen. These two gases were encceseively 
introduced into a tube S centimetres in diameter and 50 in length; the dis- 
charge passed between two balls of platina one centimetre in diameter, placed 
respectively near each extremity of the tnbe, so that the passage across the 
gaseous medium was quite 50 centimetres in extent. 

Nitrogen. — The intensity of the discbar^ was measured by means of that 
of the derived current received by the two points of platina plunged, at a fixed 
distance of ISO"", in the distilled water which was placed in the circoit ; 



4i"»to5°™ 26" to 30" 

3"™ to 4"" 35= 

3""" 38° to 40° 

8"™ 42= to 45° 

Hi/drt^at. — Proceeding at first as in the case of the nitrogen, the two points 
of patina which received the derived current were left at a fixed distance from 
one another : 

PreMore. Inteniitr of derived carreots. 

CO"" to 30"™ 1° to i° 

26»" 5° 



9»» 50" 

For pressure of less than 9 millimetres the points of platina were in each 
ease brought nearer together, so as to have a constant current. At a distance 
rf 56"", tie derived cnrrent, which under a pressure of 9"° had been 60°, was 
rednced to 40°. The following series was then obtained ; and here, in order 
to restore the derived current to 40°, it was rei^uisite, in proportion as the press- 
ure dtminiahed, to bring the points closer together, so as to render the interval 
of derivation smaller: 

PreHore. Distance of ixnnM. 



5"". : 20"°" 

^iniB ,.,,,,,,............. . l?""" 

3"" 14"™ 

Thus, as &r OS 2™" of pressure, the intensity of the derived current, and 
consequently the conductibility of the gas, goes on increasing as well for the 
hydrogen as for the nitrogen ; but we see how much more considerable is the 
conducting power of the hydrogen than that of the nitrogen, Bince, under a 
preenire ^ 9°"°, all other circumstancoB remaining the aome. the derived cur- 
rent is, with the nitrogen, scarcely sensible, while it is 50° with the hydrogen. -' 



174 PHENOMENA ACOOMPANYmO 

In two other comparative experimentB. the presanre and the distance of the 
electrodes were made to vary alike for the nitrogen and hydrogen. The two 
gases had been saccessively introduced into the same ovoid globe. The fol- 
h>wing table gives the inleneity of the deriyed current for three different dis- 
tances of the electrodes under different pressures, when nitrogen is in the hall : 

Prearare. Distance of the elactiodes. 



When for nitrogen we sabstitnte hydrogen, the tesolts differ somewhat, 
especially in the lower pressures, and when the electrodes are in close proximity 
with one another, which proceeds probably from the circumstance that the 
gaseous medinifi, in view of the form of the vessel, may be regarded as having 
an almost indefinite breadth. In a lai^ receiver, in effect, where the current 
passes between a central ball and a concentric ring having a diameter of 12 
centimetres, the intensity of the derived current is very little increased by 
diminishing the pressure beyond 10*°°*. That intensity, measured by the de- 
rived current, amounts, under a pressure of 15'°°', to 35° ; under a pressure of 
10*°™, it attains 45° ; then angments gradnally as far as 5"™, when it reaches 
its maximum of. 50°, which it never exceeds, manifesting rather a slight ten- 
dency to become less under S"™. By raising the central hall so as to give to 
the electric sheet a conical inst«ad of circuW form, the conductibility is not 
sensibly diminiebed. Under the same circumstances the atmospheric air does 
not present a resistance much greater than the hydrogen ; thus the intensity 
of the derived current is 35° at 5°"" instead of 50°, and at 2°"° is 46". How- 
erer, with the tube of one metre in length, hydrogen must be subjected to a 
much weaker pressure in order to transmit the discharge, bat its conductibility 
increases very rapidly with the diminution of that pressure.- Thus, the appa- 
ratus of derivation being placed in the circuit, we have : 

PreMure. Inteiuitj of the derived cuiront. 



Finally, with the same tube, one metre in length and 5 centimetres in 
diameter, a sensible and regular augmentation in the intensity of the derived 
current has been obtained, for the same pressure and in the two gases alike, by 
a corresponding diminution of distance oetween the electrodes. The compari- 
son of the numbers indicates, that, when the gas is sufficiently rarefied to be a 
good conductor, that is, to permit the dischai^ to become, so to say, continu- 
ous, it follows, like liquids and solids, in its condactibility, the law of the inverse 
of the length. It has been already seen that the influence of the Bection 
and of the volume is very considerable ; but I have not been able to determine 
its law in a precise manner. 

Thus far I have considered the propagation of electricity in gaseous aab- 
stances only in relation to the resistance they oppose to it— a resistance variahle 
with their nature, their density, and their dimensions. I have but glanced 
at this part of my subject, to which I shall return at an early occasion, as I 
propose to extend my researches to a much larger number of gaseous sabstan- 
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oee. I pass now to phenomena of quite BDother order, and which relate to the 
mode itself in which the pro[iagation of electricity ia effected in gaae&— a mode 
which manifests itself under the form of etratification of the electric light. 



It is known that at a certain degree of diminution of the elastic force of 
a gas which transmits the electric cnrrent, that current becomes stratified — that 
is to say, is decomposed into strata alternately obscure and luminous. The 
stratification commences by the appearance of certain slight etrita or furrows on 
the side of the positive electrode ; then gradually, aa the elastic force dimin- 
ishes, the current, which was at first very narrow, dilates, and the strin grow 
larger. Next appears an obscure space, separating the extremity of the lumi- 
nous columnii-om tbe negative electrode, which is itself surrounded with a bluish 
atmosphere. Tbia atmosphere continues to dilate, and the obscure space to 
leDg;thBn, in proportion as the rarefaction of the gas increases. 

In order to obtain the stratification of tbe electric light, it is necessary to di- 
nunish the pressure of a gas in proportion as the gas offers more resistance to 
the transmission of electricity. Thus in hydrogen, under a pressure of IS"", 
the electric stream, which consists as yet of but a small rose-colored filament 
from three to four millimettes ia diameter, is seen to divide into very distinct cir- 
cular sheets, alternately obscure and luminous, the breadth of which is one-fourth 
of a millimetre. These strin, at first more distinctly marked at the positive elec- 
trode, become general throughout the whole electric current, whatever be its 
length ; and, io proportion as the pressure diminishes, the stream becomes en- 
larged, so as even to occupy the whole interior of a tube five centimetres in di- 
ameter. At the same time tbe breadth of the alternately obscure and luminous 
divisions so increases that, under a pressure of 2°"^, it is about 5°™. These di- 
viiioDH are thcmEelvea annular, as I have satisfied myself by closing the tube 
which coutaiuB the rarefied gas, at one of its extremities, with a glass disk, 
which permits the whole interior of the tube to be seen in the direction of its 
le^|th. 

When the striie begin to appear, an obscure space, as has been said, is seen 
to form in iront of the negative electrode, increasing in proportion as the press- 
ure diminishes, so fiir as finally to occupy a length of ten centimetres — a length 
which is independent of that of the gaseous c^umn. However, by observing 
with attention this obscure space, we discover, beyond an interval which is per- 
fectly black, and of a well-defined length of from S to S*"", a palish, rose-colored 
g^eam, which is only visible in utter ^kness. This gleam, which has the form 
of a cone, whose base is the last section of the luminous column, only appears 
when the pressure bos become very slight and quite inferior to that under which 
the obscure space is manifested. It is accompanied by the appearance, in the 
some obscure space, and at unequal intervals, of several still more luminous 
rings, (I have counted as many as fonr,)which contrast, by their immobility and 
their well-defiued outlines, with the agitated strife or divisions of the rest of the 
current. Let us add, that the luminous and stratified part of the current, which 
ia much the longest, is so much tbe more distinctly and sharply separated irom 
the obscure or palish port, as the electric discharge is more intense. 

The bluish atmosphere which sorrounds the negative electrode is also en- 
larged in proportion as tbe pressure diminishes, and nearly ia the same ratio 
u the stris. At the same timci its brightness becomes less vivid, and its exte- 
rior outline less sharply defined. This bluish atmosphere which at first 
enveloped only the negative ball, at last, and in proportion as the pressure 
^minisbes, equally envelops, in all its length, the met^lic rod which supports 
the ball; at least, if this be not covered with an isolating coatt which indicates) 
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ou the part of n^ative electricity, k great facility in dieperBiiig itself in th« 
unbieut mcdiam, when once that medinm is rarefied. 

The agitation of the etriag in the Inminoos part of the cnrrent becomee Ten' 
considerable under the slight pressure of two miliimetrcs. It manifests itaeu 
at first very sensibly in the neighborhood of tbe positive electrode, Irom which 
the laminous stream issnes under the form of an outspreading cone, which, in 
proportion aa the pressDre diminishes, becomes more and more cylindrical, until 
it aasumes alti^ether the form of a cylinder of whose circular base the electrode 
is the centre, the agitation of the stnie being, at the same time, general throngfa- 
ont the whole extent of tfac current. 

When the discharge is efi^tcd in a cylindrical Jar, between a ball serving as 
a Degative electrode and a metallic ring of which that ball is the centre, and 
which serTea as a positive electrode, the bluish atmosphere which surrounds the 
hall enlai^ee by several centimetres at a pressure of 2°"", and its exterior out- 
line ia covered with small filaments, presenting a tuftlike appearance. These 
filaments are probably formed by the series of molecnles which transmit the 
discharge. They are much more distinct with hydrogen (a good conductor) 
thap with other gases. If the ball serves as a positive electrode, it is surrounded 
with a lively rose-colored halo of about a centimetre in diameter, presenting 
well-marked attatificatiouB ; then comes a dark annular space, which terminates 
at the ring, which is itself completely invested with an envelope or sheath of 
clear violet, with opaline tints. 

Nitrogen presents the same phenomena as hydrogen, though the stratification 
of the electric light doea not begin, except under a mnch feebler preasure. In 
the long tube (one metre in length) the agitation of the strite, under a preasore 
of 8'°™, ia even more considerable than with hydrogen. These strife seem to 
form an animated helix, with a movement of rotation around ita axia. The 
light is also more vivid, the tint being of a peach-bloseom rather than pale rose, 
color. The phenomenon is of a most brilliant description. Further, there is 
the same obscure space in the vicinity of the negative electrode, the same 
glimmer of palish rose color at a weak pressure of from 1 to 2"" in this obscore 
space, the same appearance in this glimmering mist of well-defined and motion- 
less rings more Inminoua than the space which surrounds them. 

Atmospheric air corresponds in its phenomena with nitrogen. I have ob- 
served only that hero the agitation of the striio is less striking, and the light of 
a rose color loss deep than in nitrogen. 

Thr* .tppearances which I have just described are, therefore, within some 
mere shadings, precisely the same in hydrogen, nitrogen, and atmospheric tdr; 
they are equally the same, whellicr these gases are dry, or contain the vapot 
of water or of cdcohol in more or less quantity ; there are no difierences, except 
that the presBures at which the various phenomena, and the tints of light which 
accompany them, are observed, vair with the nature of the rarefied elastic fluid. 
We cannot, then, attribute the effects just considered to an electro-chemical 
decomposition which cannot take place in a simple and well-desiccated gas, nor 
to any action appertaining to the chemical nature of the elastic fluid. They 
are evidently the result of a mechanical action which accompanies die trans- 
mission of electricity — an idea first advanced by M. Biess, who showed that an 
analogous phenomenon presents itself, under a little different form, it is true, in 
liquids and in solids. 

The phenomenon in rarefied elastic fluids would consist in the alternate con- 
tractions and dilatations of the gaseons medium produced by the series of dis- 
charges, always more or less intermittent, of which the electric stream is formed. 
In fact, whotlicr il be by RnhmkorfTs apparatus, or an ordinary electric machine, 
or by a hydro-elcctrie machine of Armstrong, that the stratifications are pro- 
duced, there is never a continuous discharge, but, in reality, a series of dis- 
charges which may succeed one another so rapidly that the intermissioa shall 
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not be betrayed, even by a galvanometer. But it does not tbe Icbs exiet, as M. 
Qaeeiot has shown in operating with a pile of Grove at high tension, which, 
with the eame electrodes, and in the same medium, will give rise, first to strati- 
fications, and afterwards, when the current has became continuous, to a voltaic 

The mechanical action of the series of discharges on the rarefied elastic fluid 
may, indeed, be directly verified by the very marked oscillations of the column 
of mercury of tbe manometer placed in communication with the elastic fluid, 
which accompany the propagation of electricity in that fluid. These oscilla- 
tions rise to two or three tenths of a millimetre in hydrogeo, under a pressare 
of 16""°. They begin to be sensible when once the stream passes, that is to 
say, at 36™" of pressure ; attain their maximum of three'tcnths of a mitUmetre 
between 20 and 12°™ of pressure; and diminish rapidly in descending from 12 
to 5™°, at which last pressure they no longer take place. With nitrogen and at- 
mospheric air, and employing the same tube 16 centimetres in length and 5 in 
diameter, the oscillations begin, at the moment when the stream passes, under 
the pressureof about 20'°'°; attain their maximum of from four to five tenths of 
a millimetre between 12 and 8°™ of pressure ; and then continue to diminish 
until S or 5°™, at which pressure they cease to be sensible. 

With the tube one. metre in length, and even with that of 50 centimetres, I 
have not succeeded in observing any app^rance of oscillation accompanying 
the transmission of the electric current, whatever might be the gas enclosed in 
these tubes, and whatever the preesure to which it was subjected. On the other 
kand, I have obtained very distinct ones, of one and two tenths of a millimetre, 
under pressures varying from 30 to 15™°, in a jar 20 centimetres in height by 
16 in diameter, filled with rarefied hydrogen, and in which the electric stream 
pasrad from a central ball to a ring 12 centimetres in diameter concentric to 
that ball. This last result ehowa that the absence of oscillations in the long 
utbes haa less connexion with the volume of the gaseous medium, which is less 
than in the vessel of the last experiment than with the influence of the sides 
of the tubes which embtMk^a the movement of tbe gas. It is also a proof that 
tbe oscillations proceed from a mechanical action, and not from an elevation of 
temperature. As regards their intensity, the oscillations evidently depend oa 
the greater or leas resistance which the gaseous medium opposes to the trans- 
■niBsion of the electric current, since the oscillatioDS are more considerable with 
nitrogen than with hydrogen, and diminish as the pressure docs, reckoning from 
a certain point of the pressure, which is that at which the discharge can take 
place in a complete manner, and at which the intensity of the oscillations attaina 



The stratification of electric light would appear then to be a phenomenon 
aoalogons to the production of undulations of sound, that is to say, a mechanical 
pbenomenon proceeding from a succession of isochrpnous impulses communi- 
cated to the rarefied gaseous column by the series of electric discharges rapidly 
SBCCcediDg each other. Wo find a new proof favorable to this view of the phe- 
nomenon in the perturbation which a displacement of the gaseous matter occa- 
aions in tbe stratifications, and, consequently, in the disposition of the elastic 
fluid which permits those ^(ratifications to appear. To produce this perturbft- 
don. it suffices to introduce into the tube in which there is a rarefied elastic 
fluid, and while the electricity is in process of propagation, an additional 

Snantity of tbe same gas already enclosed therein, so as to increase the pressure 
y onc-fourtb or one-half of a millimetre at most. Ijet us see what then occurs 
with hydrogen, remarking that the effects ore the same with the three tubes, 
respectively, 15, 50, and 100 centimetres in length. 

We begin by rarefying the gas to the extent of 2™", so" as to have the phe- 
aomenon of the stratifications as distinct as possible. Wo then introduce a 
small qnanttty of hydrogen ; if the introduction takes place on the aide of the 
IS 8 
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negative electrode, etrin of a fine rose color are immediately Been to form in the 
obecnre epacc, their diameter being that of the stratified colnmn — that is, of 
the tnbe, while they arc at the same time very narrow and well defined. They 
are gradnnlly propagated in the tube, confounding themBelveH with the original 
Btriffi, which are much larger and Icbb distinctly limited; then, as soon as the 
entrance of the gaa is arrested, the Ituninons colnnm is seen to recede slowly 
from the negative electrode, and resume gradnally ita primitive appearance. 
When the introdoction of the gas takes place on the side of the positive elec- 
trode, in place of the strite occupying the whole cavity of the tube, we see a 
brilliant stream of very small diameter {2 to 3"™) distinctly striated, and quite 
similar to a minatc spiral epring (reuort a boudin,) advance along the axis of 
the tnbe in the relatively obscure interior of the luminous column, which itself, 
KB soon as the gas brgiua to enter by the positive as well as by the negative 
electrode, immediately advances bo as to occupy almost entirely the obscore 
apace np to the negative electrode, from which it is only separated by the in- 
terposed stratum, 2'°'^ in thicknesB, which it cannot sormonnt. Theui the intro- 
dnction of the gas once stopped, everything returns quickly to the normal stale. 
By whichever of the two extremities of the tube the gaa is made to pcuetrate, 
we see, on the entrance of the gas, a very subtle mist of a roseate white color 
make its appearance, and diffuse itself in the tube ; bnt this, as soon as the in- 
troduction of the additional quantity of gas bus ceased, passes over from the 
negative to tbe positive electrode, leaving the obscure space to form itself anew, 
and momentarily biding in its passage, by enveloping them aa it were with a 
light cload, tbe successive stratifications of difiereat parts of the column ; tbeo 
this mist disappears, and tbe luminous column resumes its primitive appearance. 
which it maintains so long as nothing is changed either in the electric corrent 
or the Btate of the gaa travensi-d by it. The appearance of this mist, which per- 
fectly resembles that I have mentioned as existing in the dark space of the 
colamn in a state of repose, well denotes the agilation into which the introduc- 
tion of a small additional quantify of gas throws the whole column — an agitation 
so conspicuously manifested by the progrcsHion of tb^triffi and their encroach- 
ment on one nnolher. Tbe phenomenon presents this further feature : that the 
definitencsB and brightness of the stria; in the gaseous portion introduced, which 
make them so plainly dtslinguiehuble from the gas which was already m the 
tnbe, enable ns to follow the progressive raoveroent of that portion from one end 
of the tnbe to the other. The experiment may be repeated several times in 
ancccssion hj successive introductions of additional quantities of gas, provided 
that each time the pressure be not increased more than ^ of a millimetre, and 
that the total pressure do not in all exceed 6 or 6"", 

Wiih nitrogen and atmospheric air the incidents arc the same, only we can- 
not push the experiment so far, the pre^sam at which the phenomenon ceases 
to take place with these gases being much less than it is witn hydrogen. The 
narrow striae which display themselves at the moment of the entrance of the gas 
on that side where the entrance takes place arc also less distinct and less bril- 
liant, but there is equally a momentary di^^appearance of the obscure space, the 
production of a roseate mist, and progression of this mist, on the cessation of 
the introdnction of gas, from the negative electrode to the positive. With the , 
three gases alike, we see, when tbe introduction is effected on the side of the 
negative electrode, the mist advance at first like the slender striated thread 
which follows tbe axis of the tnbe from the positive electrode to the negative ; 
then, having arrived at this extremity of the tube, it turns back, passing over, 
as has been said, from the negative to the positive electrode. 

This mist evidently proceeds from a portion of tbe gas which, in entering the 
tube, ia excessively dilated, and becomes visible by Uie electricity which trav* 
eraes it. From the slowness with which the mist is propagated we may judge 
«f the feeble degree of elastic force in the gas. It is to the same cause probably 
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that we sboald ascribe the slownesB with which the miitare of the gas which 
is enterJDg the tabe with that already preeent ie effected — a eloWDCBa which is 
manifested by the -cii'cnmstance of the definite and Darrow strite appearing in 
the new portion of gas, while in th» old tbe Btrice are mach larger, and by no 
means so distinctly defined — a phenomenon which can only proceed from the 
former not being, at the moment when it enters the tube, so much dilated as tbe 
gaa which was already there. In fine, the fact that the gaseous column with 
narrow striie is much larger when the gas which produces it enters on the side 
of the negative electrode than when it enters on that of tbe positive, is a proof 
that, before the new introduction d! gas, tbe gaseous column already in tbe tube 
waa mncb more dilated in the neighborhood of tbe negative electrode than on 
the side of the positive. So, then, the passage of the electric discharges very 
rapidly succeeding one another across a rarefied gaseous column would pro- 
duce therein, when the rarefaction had reached a certain degree variable with 
the natnre, and consequently with the conductibility of the gas, first, a consid- 
erable dilatation of the gaseous matter around the negative electrode, and next, 
beginning in this dilated portion of tbe column, a onccession of' alternate con- 
tractions and dilatations as far as tbe positive electrode. It is highly probable 
that the same effect takes place when the gas is not sufficiently rarefied for 
producing stratification of the electric light. But in that case, the greater 
elastic force of the gas, joined with the necessarily leas rapid succeBsion of the 
discharges, allows the immediate return of the contracted and dilated strata to 
their state of normal density, and thus prevents that donble state from mani- 
festing itself; while when the gaa is less elastic, and the discharges succeed one 
another more rapidly, the state of dilatation and contraction of successive strata 
produced by a first discharge still sDhsists when a, second arrives, the reaalt 
being that it becomes sensible. 

The transmission of electricity, then, through a gaseous column occasions a 
movement in the particles of gas, and that movement seems to be an impulse 
emanating from the negative electrode. Might not this effect be attributed to 
the static electricity with which the molecules are charged, and which would 
angment their constitutive repulsion 1 Wo know, and it is seen by tbe Inmi- 
nou8 aureoles which surround tbe negative ball and rod, that, at an equal tension, 
the ne^tive electricity issues more readily than the positive from its metallic 
electrodes in order to penetrate into tbe rarefied ambient medium. Hence, the 
portion of that medium nearest to the negative electrode must be more charged 
with static (negative) electricity than is (with positive) the portion of the rare- 
fied gas near the positive electrode ; it is not, then, surprising that the repulsion 
of the gaseous molecules, and consequently the rarefaction of the gas, should be 
greater in tbe first of these two portions than in tbe second.* Now, why does 
negative electricity diffusf; itself more easily than positive under tbe same con- 
ditions of intensity, magnitude, and position of electrodes, nature and rarefac- 
tion of the ambient medium 7 Here is tbe mystery, or at least a point of most 
interesting consideration as regards the theory of electricity. 



The gaseous column traversed by the electric current is composed, as we 
have said, when it has been brought to a certain degree of rarefaction, of strata 
alternately dilated and contracted, with an obscure space greatly dilated in the 
neighborhood of the negative electrode. The more dilated parts of the column 
offering less resistance to the transmission of electricity must remain obscnre. 

' The fact Ibat tbe electricity of lemioD is more easily propagated srouDd the uegatlTe than 

■Mnnd tbe patHiT»eleclrode may Ire readily veriSeit by expcnment, 08 irellas tbeperma 

at*** of eleuric lention of tbe ntseone colnnm dnriog loe passage of the electric cniTent, n 
ewr may be tbe rarefaction ofthe gsf . 
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while tfae more contracted, with lees capacity of condaction, grow warm, and 

become luminouB, even when it is the Bam4 diecliarge which traTCTses them. 
Wo Bhould here expect a plicnomcnon exactly analogona to that which is pro- 
duced when we place in the circuit of a voUaic pile a chain formed of alternate 
wires of platina and eilver, having the eame length and diameter ; although they 
both transmit the same current, the wires of platina, offering nioBt Tcsistanc^t 
grow hot, and become even incandescent, while those of eilrer, being better 
conductors, remain cold and opaque. 

To demonstrate that iti fact the space remaining opaque offers less reeietance 
to the transmiesiou of electricity in the stratified coltamn than the luminous part 
of that column, I have arranged two small disks of platina, 7'<'" in diameter, 
each attached hy a point in its circumference to the end of a wire of platina, 
enclosed in a tube of glass, in such a way as to he kept parallel to one another 
at a distance of three ceuttmetres. The two disks are connected in & solid 
manner, though very carefully isolated, and without any possible electric com- 
munication except hy means of the wires of platina soldered to their circumfer- 
ence, and enclosed in a tube of glass. The free exti-eraitics of the two wires of 
pladna can be respectively placed in communication with those of the wire of a 
galvanometer. The apparatus ia arranged iu such manner that the two disks 
of platina may be introduced into the stratified electric stream bo as to cut it 
transversely, and to have their centres situated in the very axis of the stream. 
They thus servo aa tounda destined for the derivation of a part of the current, 
and the intensity of that derived portion, which is bo much less as the conduc- 
tibility of the interval of derivation ia greater, ia measured by the deviation of 
*he needle of the galvanometer put in coni^innication with the free extremities 
of the platina wires which support the disks ; these wires, as has been sud, are 
themselves enclosed in tubes of glass wh^re tbcy traverse tlie recipient which 
(ontaius the rarefied gas, with a view to their remaining well isolated, and that 
the disks alone may bo in contact with the gascotis substance which trausmita 
the diBchargea. Now, it suffices to change the direction of these discharges in 
order that the sounds, without being displaced, shall be immersed either in the 
obscure space near the negative electrode, or in the luminous space near the 
positive one. The apparatuH is, moreover, so contrived that the sounds may be 

E laced in other portions of the current. It is proper to add, that tlie electrodes 
ctween which the electric stream passes are two disks of phitino, each five cen- 
. timetrcs in diameter, placed parallel to one another at a distance which may 
vary from forty to thiity centimetres, and consequently, like the little diaka 
serving as sounds, perpendicular to the axis of the stream. 

The following are some expei-iments made aucceBsively with nitrogui and 
hydrogen : 

NITBOOEN, OR ATMOSPHKKIC AIB. 

Presiuis of the gai. 



HYDROOBN. 



_We see from these tables that the intensity of the derived current dlminisbes 
wUh the pressure, although the transmitted current be much stronger, which 
shows with what rapidity the rcaiatauce of the gas dimiuishea in proportion as 
its rarefaction increases. But at the same time the dimintition of the derived 
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current, and conseqnently that of the TeeiBtance, is much greater when the 
sounds arc immersed in the obscure space scar the negative electrode than in 
the luminons part'of the stream near the positive one. Thna, nader the press- 
ure of S™", it is impossible in hydrogen to perceive the least derived current 
in the black Bpace, while this derived current is at the same time 35° in thfe 
luminous space; at, a pressure of 15""" it wa8 90° in the neighborhood of the 
two electrodes alike, but there was as jet do formation of the ofcecure apace, 
and consequently the state of deasitj' of the gas was the same at the (wo ex- 
tremities of the tube. The resismnce of the obscure space is also very feeble 
in nitrogen under a pressure of 2™", since the derived current is only 3°, while 
it is IS" in the luminous space ; but the difference between the two derived 
currenta is less than in hydrogen. This difference results from the fact that 
hydrogen, having a conductibility much superior to that of nitrogen on the one 
hand, the absolute intensity of the current is greater, which explains why we 
have 35° instead of 18° in the luminous space ; on the other hand, the derived 
portion must then be less where rarefaction still more augments the conducti- 
bility of the gas, which accounts for oar having 0° in place of 3° in the obscure 

Lot us here remark, that all the results which show the unequal resistance 
presented by different parts of the same gaseous column to the propagation 
of electricity are readily comparable with one another, since it is the same elec- 
tric stream which successively traverses these different and onequally conducting 

If we place the sounds in a portion of the stream which is J of the distance 
from one of the electrodes, and consequently § from the other, we have for 
the intensity of the derived current, under a pressure of 2°™ in air or nitroge», 
8" when the negative electrode, 12° when the positive, is nearest to the sounds. 
In hydrogen we have 20° and 36°, Thus, the conductibility of the gascons 
column goes on diminishing gradually from the obscure space, where it is at its 
maximum, to the space near the positive electrode, where it is at its minimum. 

liy placing the sounds always in the same portion of the stream, we can 
£ud ill the intensity of the derived current a sufficiently esact expression of the 
degree of resistance of different gases at different degrees of pressure, provided 
we take core, by means of a rheostat, to give to the principal current in each 
case the same degree of absolute force. This is an investigation with which I 
un at present occupied, and which is not yet finished. 

We see, then, that the obscure space near the negative electrode offers much 
Ices resistance to the passage of the current than does the luminous part near 
the positive electrode. It thence results that, for the same reason that the less 



e portion of the gaseous column is more luminous than that n 

induci ' 



greater conducting capacity, which remains nearly dark, the temperature o 
first should be higher than that of the second — an inference which experiment 
has fully confirmed. 

Two thermomclera of mercury, with cylindrical reservoirs, were placed in the 
interior of the tube, which is 16 centimetres in length and 4 in diameter, at the 
respective distance of one centimetre from each of the electrodes — a distance 
eofficicnt, as was ascertained, to annul the cooling or heating influence of those 
electrodes. That the influence would rather have bei'u refrigerant, was found 
susceptible of verification by bringing them nearer the reservoir of the ther- 
m<)mcterB, which ia not surprising, in view of their dtmensiouQi (full metallic 
balls one centimetre in diameter.) 

By caueing the electric stream to traverse the rarefied nitrogen or hydrogen, 
a great dificrence was at once perceptible between the temperature acquired by 
the thermometer placed in the dark space near the negative electrode and that 
acquired by the thermometer placed in the luminous space near the positive 
electrode. These differences olwerve nearly the same ratio between the press- 
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ures of 1 to 10°°™, even whea the absolute temperatiiree, with which they miut 
not be confounded, vary with the pressure and with the natnre of the gaeea. 
Thus, even when there ia no longer any sensible obscure space at the negative 
electrode, the thermometer is less elevated there than in the neighborhood of 
the positive, which proves that the gas is there more dilated and of more con- 
ducting capacity. The difference of temperature, then, should be a still more 
sensible cnterion than the difference of bnghtness, of the greater or less electric 
resistance oi different parts of the gaseous column. The absolute temperature 
is in general less in hydrogen at all degrees of rarefaction than in nitrogen and 
atmospheric air, which offer more resistance to the passage of electricity. The 
difference between the two thermometers was, moreover, never so great in hydro- 
gen as in nitrogen, or atmospheric air. Thus it was at the maximum of 4^<>* 
in hydrogen, under the pressure of 9 to 12'°™, the thermometer having risen, 
in tuK) minuUt, from 21"^ to 26^" at the negative electrode, and 21° to 31° at 
the positive. In nitrogen the maximum difference was 5° under the pressure 
of 5™", (20° to 24" at the negative thermometer, 20° to 29" at the positive.) 
In atmoipkeric air the maximum difference was, at a pressure of 0"", 6*^, (from 
18^ to SC^ at the negative thermometer, and from IS"^ to 32° at the positive.) 
At a presHurc of 20"™ the difference was not more in hydrogen than 2j°, (from 
21° to 28J°, and from 21° to Sff^ ;) in nitrogen but a half degree, (from 20° to 
to 25", and from 25" to 25^'' ;) and in atmospheric air it was null, (from 19° to 
E8°. at the two thermometerB alike.) When there is no longer a difference be- 
tween the iudicatioua of the two thermometers, or that difference ia very slight, 
it will be observed that the appearance of the luminous stream is perfectly 
uniform through its whole extent. 

Here we give a table of some experiments : 

ATMOSPIIBRIC AID, {duration of the exjierifnenl, two minuta.) 
FieMnre. Positive thermameler. Negative tbemometei. DiSeience. 

2™ 10° toSS" 16° toai" 4=* 

4™ 18" to 31" 18= to255° SJ" 

C™ 18" to 32° 18° to26° 6^ 

8™ IS-* to31° 18° to 27J° 3J» 

lO"" 18° to 31° 18° to 28° 3° 

I5"» 18i° to 31° 18J° to 29° 2° 

20"» 19" to28° 19° to 28° 0* 

MTHOOBN, (duration of the expaiment, two minutet.) 



2"™ 19" to 24° 19° to22°., 

4"™ 20j°to2S° 20J''to25°., 

6"" 20° to29° 20° to24°.. 

6™» 20° toSlJ" 20° to27°., 

9"" 20" to31° 20" to27°.. 

IS-"" 21" toSO" 21° to27°.. 

20™° 20° to25i° 20" to25".. 



BYDROOEN, (deration of the experiment, tico tt 

2"^ 21°to27° 21° to 25° 2° 

5™° 20° to28J° 20° to 25J° 3° 

C""" 21° to 29° 20°to25J° SJ'^ 

9™ 21° to 31° 20° to 264° ^l" 

15"™ 21°to30° 21°to2G° 4° 

20=™ 21° to 28J" 21° to 26° 2j° 

30«>" 21° to 25° ai° to23i° l|° 

* The thermoiDetric Indications are in degrees of Beauinnr. 
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The following is the resnlt of an experiment in which the daration of the 
paBBage of the current was prolonged beyond 2 miuntea, throngb atmospheiic 
air at a preaBure of S"™ : 

Dturotion of passage. Positive thermometer. Negative Ihermometer. Difference- 
s' IS'toai" IS^'toSC 6" 

4' — toS?" — to SOJ" SJ" 

6' — 10 40° — to 32° 8" 

8' — U>iZ° — 10 33" 9° 

Iff — to 43° — to 34° 9° 

Id proportion aa the daration of the experiment increasea and the abaolnte 
temperatnre rises, the differences between the temperatures indicated br each 
of the two thermometers become proportionally less ; the indications of tnc two 
thennometera end by approzimatiDg, and even becoming the same after the 
lapse of a certain time. Hydrogen and nitrogen give the some results. 

The Dumbere which cxprcas the temperatures in the preceding tables cannot 
be given as being of perfect csactncfls ; they vary, in effect, in their abaolutc 
values with the intensity of the electric stream ; but they are sufficiently con- 
stant and exact to dcmonetratc ; 1st, that there is a scnaihle elevation of tem- 
perature, which accompanies the propagation of the electric current in rarefied 
gaaes ; 2d, that this elevation is sensibly less in the neighborliood of the 
negative electrode than near the positive, when once the gases oi'o sufficiently 
rarefied for the discharge to pass easily and- the electric light to be stratified ; 
3d, that the absolute elevations of temperature at the two electrodes, and their 
differences, vary with the density and the nature of the gas. 

A. fact which shows well all the calorific and luminous power of electricity, 
is, that hydrogen rcdnccd to 1^'°™ of pressure can become luminous and be 
heated in a very sensible degree* by the passage of electricity, although at that 

Sreesure it has a density so inconsiderable that a cubic centimetre of the gas 
oea not weigh more than barely sg^jj of a milligramme. 
When we see matter so subtle as hydrogen reduced to one or two millimetres 
of preesarc, becoming luminous under the influence of electricity, the temptation 
can hardly be resisted of surmising an analogy with the matter at once so subtle 
and so luminous which constitutes the eomctary bodies. This analogy becomes 
still more striking when we examine closely the appearance presented, in the 
tube which contains the rarefied hydrogen traversed by the electric current, by 
those species of Inminous mists which manifest themselves at the moment when 
we introduce a little gas into the tube, and which we also see in the obscnre 
space wheu a certain degree of rarefaction has been attained. Undoubtedly the 
gaseous matter is there still more rarefied than it is in the rest of the moas where 
it is already extremely eo, and it oficni at the some time a remarkable resem- 
blance with the luminous matter which constitutes the comets. 

}IV.- 

Thia influence, whose existeace I have shown under the form of a rotation 
communicated by the pole of a magnet to the electric currents which radiate 
from it, is, as might be expected, and, as M. Plucker has evinced by several re- 
markable experiments, general. The luminous filaments which display them- 
selves in rarefied gases, traversed by the discharges of the Ruhmkorff apparatus. 



cnry SiJ miUimetreB in diameter by 3 centimotreB In length. Bosidea, the single fact that tbe 
ns is lumincnu irell evinces its l^gh temperature ; for the light is evidentlj but the e&ct of its 
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are attracted or repelled by magnets ob electric cnrrents circnlating in metallic 
wires would be. In a word, tliie action is Bubject to all the laws of electtw- 
dynamics, with this difference, that all the parts of the mobile conductor being 
independent of one another, inetead of being united with one another, as they 
are in a rigid wire, they completely obey the forces which act upon them, and 
take the positions of equilibrium which result therefrom. Hence it is that the 
laminons filament takes the form of a magnetic curvej a necessary condition, in 
order that the cquUibrium should take place, since the action of the magnet on 
the element of tno current is then nothing, the direction of the action being per- 
pendicular to that element when it is a tangent to the magnetic cnrve. 

I have verified in sundry cases the law jnst recited, and bavo even succeeded 
in showing that, conformably to the law of Ampere, two electric streams having 
the same direction in a rarefied gas attract each other as two voltaic currents 
transmitted across movable metallic wires would do. 1 have not realized the 
repulsion of two electric streams passing in contrary directions, by reason of the 
practical difficulty which I davc hitherto encountered in constructing an appa- 
ratus for the purpose. 1 do not, however, renounce the hope of being able to 
do so. I shall return to this subject in an article in which 1 propose to consider 
the mutual action of electric currents on one another. I restrict myself, for the 
present, to an investigation of the effects of magnetic action on those currents. 

Mr researches on this subject comprise two series of experiments : first, those 
in wuich the electro-magnet from which the electric action emanates is placed 
externally to the rarefied gas through which the electric stream is propagated; 
secondly, those in which the magnetized iron is situated in the gas itself. 

One of the most simple cases is that in whicli one of the MiCB of which I 
have spoken in preceding experiments is placed either axially or cquatorially in 
relation to the poles of a strong electro- magnet. The following is what is ob- 
served when care has been taken to rarefy well the gas whitm transmits thie 
electric current. The portion of this current submitted to magnetic action is 
condensed towards the walls of the tube in the part nearest, or that mosfremote 
from, the magnetic poles, according to the direction of the current aud that of 
the magnetization; the striiB become much more compressed and more brilliant. 
If the portion of the tube placed in the neighborhood of the electro-magnet is 
that where the negati\-c electrode happens to be, the obscnre space is immedi- 
ately seen to become luminous, and to present close and brilliant striae as would 
be the ease with the constantly luminous portiun of the current which seems to 
advance. At the same time, the bluish photosphere which Burrounds the neg- 
ative ball contracts to at least half its size, becomiug more brilliant, oud the sort 
of bluish sheath which eurronnded the metallic rod, at the extremity of which 
is the negative electrode, completely disappears. All that bluish atmosphere is 
concentrated on the ball. It seems that all the gaseous filaments, which may 
bo considered as so many conductors of the discharge, instead of radiating irom 
all points of the negative ball and rod, and being disseminated through the 
entire gaseous mass as far as the positive electrode, radiate only, when the 
magnetic action is exerted on them, from the negative ball, becoming condensed 
towards the walls of the tube, on one side or the other, as far as that portion of 
their coarse at which, the action being no longer sensible, they resume their 
normal position. This condensation explains why the part of the current which 
was obscure because the gas was there too much dilated, becomes luminous, and 
whv that part which was already luminous becomes more slender and brilliant, 
with stratifications more closely compressed. The action of the magnet pro- 
duces the same effect which would DC produced by a local augmentation of 
density in the rarefied gaseous matter. Further, it is not necessary that the 
action of the magnet should take place exactly on the obscme part in order to 
its becoming luminous ; it equally becomes so, even when the magnetism acts 
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oa soother portion of the current, provided it be not too remote from the neg- 
ative electrode. 

The coneeqnence of the esplauation just given, and which it ia easy to verify 
hy experiment, ie, that tho portion of the gas which tranamits the discharge 
most, when it ie subjected to the action of tlie magnet, hecome a more impertect 
conductor, and that consequently the electric current must, on the whole, en- 
counter a greater reeistanco in its passage along the interior of the tube when 
one part of the tube is approached by the electro-magnet than it encountered 
previooaly. 

Thus the tube of one metre being filled with rarefied hydrogen, and the ap- 
paratus of derivation placed in the circuit,* we obtain the following results ; 



With the tube fiO centimetres in length, filled with nitrogen, we have : 

FreBmre. Intensity of the derived cuirgnt. 

Wllim magntliiatioti. Magniiizaibiii el Ou Uagiutitatioit at tit 



6™ 86" 20°,-.: 18" 

The effects are more marked when the tubes are placed equatorially between 
:wo soft-iron armatures of the electro- magnet, which are immediately in contact 
with the walls of the tube, than when they are placed axially on the poles 
themselves. We see that there is a much greater mcrease of resistance when the 
magnetism acts on the portion of the current near tho negative electrode than 
vben it acts on the portion near the positive electrode. The reason of this 
difference is, that the first portion which, as we have seen in the preceding 
paragraph, is endued with a much greater share of conductibility, must natu- 
rally experience a more considerable diminution of that property by the con- 
densation of the gaseous matter produced by the action of the magnet, than is 
experienced by the second portion, where the gas is less rarefied. Tho direction 
of the magnetization has no influence on the results : it has no other effect than 
to elevate or depress the current, which, when the magnet does not act, is simply 
horizontal. 

Among the experiments which I have made regarding the influence exerted 
by the exterior action of magnetism on rarefied gases enclosed in tubes, I will 
further cite those in which the tube is convoluted into a flat spiral terminated 
by two prolongations perpendicular to the plane of the spiral which serve to in- 
trodnce and rarefy the gas, as well as to give a postage to the discharges; the 
tube of the spiral and its prolongations is a little le^s than one centimetre in 
diameter, and its total development nearly eighty centimetres. It is necessary 
that the gas should bo mretied at least as much as 2°"° for the discharges to 
pass when nitrogen or atmospheric air is employed. With hydrogen, a press- 
ore of 5 or 6°"° suffices for their transmission. But whatever the gas or its 
degree of rarefaction, it ia only after the lapse of some minutes from its being 
placed in the circuit that the discharge begins to pass. It is evidently neces- 
sary that it should be sometimes charged with static electricity for the resist- 
ance to the establishment of the continnous stream to be surmounted. But that 



■ It Bhonld not be Tori^tten tbat here the derived conent is propcutional to ths principal 
ennent, bo tbst Its inteiuit}' ma; be r^arded as being quite appnoimatelj tlie measure of 
that of the discharge which tmversee the tube. 
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reBiBtance once enrmotnited, we may inteimpt the passage of the discharge with- 
out incuiTuig the necessity of waiting more than an instant for the transnuBBiOQ 
to recommence, when we close the circuit anew, provided the interruption does 
not exceed an hoar or two. The laminoos current presents, with hydrogen 
under a pressure of 5 or 6"™, very neat and distinct strise of a rose color ; at a 
pressure of a"", they become much larger and less distinct; the color is also 
paler. The same occurs with air and wilh nitrogen, but the effects are more 
striking wilh hydrogen. A remarkable appearance presented by the current in 
the interior of the spiral is, that it seems to undergo a veiy distinct movement 
of rotation, in a direction which appears to vary wilh the direction of the dis- 
charge ; but this last result is not very constant, which has led me to think that 
the rotation is only apparent, and that it is the effect of the discontinuity of the 
diBchargcB which constitulc the current, a discontinuity which produces the 
illusion of a displacement. This point, however, deserves to be studied anew. 

In order to observe the action of magnetism on the spiral current, I place the 
spiral of glass between the two poles of the electro-magnet in such a way that 
its plane shall be the same with that of the two polar surfaces, the two prolon- 
^tions being thus rendered vertical, the one above, the other below, that plane. 
The magnetizatiou, according to its direction, either condenses the current 
towards the interior walls of the spiral tube, or, on the contrary, repels it towards 
the exterior walls, rendering it very diffuse. In the first case, it becomes highly 
brilliant, and the stratifications are very distinct ; in the second case, they are 
but slightly visible, and the current itself is mncb larger and quite dim. It 
appears to undergo, in even a more sensible manner, the movement of rotation, 
of which we have spoken. A quite curious fact is, that in the vertical branch 
of the tube which is below the spiral, and consequently between the two 
biaucfaes of the electro-maguet, the current divides itself, under the influence of 
the magnetism, into two streams or filaments, which tend, respectively, to one 
and the other side of the tube. Of these two filaments, one is very small, and 
of little brilliancy, in comparison with the other. The cause of this separation 
consists, very probably, in the fact that the inductive enrrent of the Buhmkorff 
apparatus is really composed, as we have already taken occasion to say, of two 
successive and opposite inductive currents, one having much more tension, and 
Jtaseing almost exclusively through the gas, while the other is transmitted with 
much difficulty, but yet passes, in very small proportion, it is true, since the 
action of the magnet separates it from the principal current, which is the only 
one in general that it ta requisite to consider in this kind of phenomena, because 
it is by much the strongest. 

I have sought to determine in the case of the spiral tube, as I bad done with 
the large rectilinear tube, the influence of magnetization on the resistance of the 
gas to the transmissiou of the discharge, and I havo obtained a rather curious 
result. The two points of platina of the apparatus of derivation being at a dis- 
tance of ten millimetres from one another in the distilled water, I d)t)uned a 
derivative current of 20°, the spiral tube being filled with hydrogen under the 
pressure of 2°>'°. The spiral was placed vertically between the two horizontal 
armatures of the electro-magnet which were exactly in contact with its two 
faces. As soon as the magnetization took place, the derivative current was re- 
duced to 15°, when the discharge was repelled, and driven towards the exterior 
walls of the spiral with an apparent movement of rotation, and it was raised, on 
the contrary, to 3S°, when the discbarge was condensed towards the interior 
walls of the spiral. Docs this influence of the direction of the enrrent or of the 
magnetization depend on the particular form given to the stream, or to the small 
diameter of thc^tube, in comparison with its development in length? It is a 
point for futnre elucidation. 

I pass now to the case where the magnetic pole is in the midst of the gas 
which transmits the discharge. I have first operatec| ,with av.8pherical globe, 
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about fifteen ceatimetree in diameter, fnrniBhed with four tnbnlnres Bitnated at 
the respective extremitiea of two diametera of the globe, which intersect one 
another at right angles. Two cylindrical rods of soft iron are fixed by means 
of two of these tubnlnres in the interior of the globe, in the direction of 
the same diameter, so that their interior extremities may be at a distance of 
about eight or ten centimetres from one another, while their exterior extremities 
project from the tubolore nearly two centimetres. It is these exterior extremi- 
ties which are to be placed in contact with the poles of a strong electro-magnet, 
in order that the interior extremities may thus become two magnetic poles. 
The two other tubnlnres eerre to introduce into the interior of the globe two 
iaolated metallic rods, tenninated by balls which are at a distance of about ten 
centimetres from one another, and which serve as electrodes to the electric 
stream whoae direction is thus equatorial, that is to say, perpendicular to the 
right line which joins the two magnetic poles. As long as the rods of soft iron 
are not magnetized, the electric stream remains peri'eetly rectilinear ; but so soon 
as magnetisation takes place, the stream, which we will suppose to have a hori- 
sonlal direction, takes the form of a half circumference of a circle situated either 
above or below the line which joins the magnetic poles, according to the direc- 
tion of the magoetizatton or that of the discharge. The fonn of the Inminoua 
arc is that of a half ring much flattened, as well as widened. The stris are 
strongly marked in it, more than they were in the rectilinear current, an^ its 
«xterior part is much serrated, especially when the gas contains a little vapw 
of alcohol or ether. If the electric current, instead of being equatorial, is axial, 
that is to say, directed from one of the magnetic pules to the other, these two 
poles serving it as electrodes, it experiences no sensible modification under the 
influence of magnetization. i 

If, however, the discharge is made to pass between a ball of brass and one 
of iron, placed at the extremity of an iron rod so as to be capable of being mag- 
nedzed, there is observed, at the moment of magnetizBtion, a movement of de- 
pression, or of elevation in the luminous atmospnere which slirrounds the hall 
of iron. This movement pertains evidently to the change of direction under- 
gone by the electric filaments which radiate from the boll. But the best' mode of 
studying the action of magnetism in the cases where the magnetized bar is in the 
interior of the gas, is to make use of a bell or cylindrical jar sixteen centimetres 
in diameter by twenty centimetres in height, m the axis of which is placed a 
rod of soft iron having a diameter of about three centimetres, whose rounded • 
end ia situated at the middle of the axis of the cylinder. This rod is planted 
in a circular disc, which seiyes to close the jar. A metallic ring, about twelve 
centimetres in diameter, formed of wire from 3 to 4"™ in diameter, and having 
for ii8 centre the top of the iron rod, is situated in a plane perpendicular to the 
axis of the jar. This ling communicates, by means of a rod covered with an 
isolating coat which is soldered to it, with one of the poles of the Buhmkorff 
apparatus, while the other pole is placed in communication, outside the jar, 
with the extremity of the rod of soil iron, which, in the interior of the jar, is 
also covered with an isolating coat, except at its summit. It is between this 
summit and the ring of which it is the ceotro that the discharge takes place. 
In order to magnetize the rod of soft iron, it now sufGces to place it in contact, 
by its exterior extremity, with the pole of an electro-magnet, taking care to 
place between the two a thin strip of caoutchoac to serve as an isolating layer, so 
Uiat the whole apparatus shall De well isolated. The cylindrical jar is tdso 
closed at that one of its two extremities where the rod of soft iron is absent, 
and it is there furnished with two cocks, of which one serves to form a vacuum, 
and to introduce a gas which is more or less rarefied ; and the other, coustmcted 
m Cray Lttssac's manner, permits the introduction into the ball of a greater or 
less quantity of vapor of whatever nature. 
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I have made many experimentB with tlus jar by filling it encceEstrely with 
atmospheric air, with nitrogen, and with hydrogen, at different degrees of rare- 
faction, these gases being at times perfectly dry ; at others, containing a greater 
or leas proportion of vapor, either of water or of alcohol. 

Atmosphfric air and nitrogen, when both dry, give nearly identical resnlto, 
with this difference, that the light is more vivid and clearer with nitrogei). If 
the soft iron be taken for the positive electrode, and the ring for the negative 
one, the lumioons current is seen to form, at a certain degree of rarcfaetioa, a 
sort of pciich-rcd envelope aronnd the top of the soft iron, and a sbeath of a 
pale violet color along an arc of a greater or less number of degrees around the 
ring. At a very weiuc prcsenre this sheath eucompasBes the whole ring, while 
the top of the soft iron is completely enveloped with a roec-colored aureole, 
irom which issues a very abort Btrenin of the Eame ehade, and prescntiDg the 
form of a large virgule, or comma. This virgnle, when the iron is magnetized, 
in distinctly seen to turn in one or the other direction, with the anrcole from 
which it emanates, according to the direction of the magnetization. Tbe violet- 
colored sheath which surrounds the ring is also seen to torn in the same direc- 
tion with the rose-colored aureole, although they are separated by a apace 
completely obscure. By changing the direction of the discbai^s, there will be 
aeen at the negative electrode a violet -colored envelope, which only covers the 
whole surface of the top of the iron rod when the gas is very much rarefied, and 
at the positive electrode, brilliant points, separated from one another by a roseate 
glimmer which eurrounda the entire ring, and whence emanate regular etnUifi- 
caiions, internally concentric to the ring. When the gas is not greatly rarefied, 
there is seen to isBue from ihe ring a luminous jet which tends to the summit 
of the central rod of Boft iron, being only separated from it by a small, black 
space, and which undergoes a movement of rotation in one direction or tbe 
other, like the hand of a watch, according to the direction of the magnetization. 
In this case there is but a portion of tbe lop of the ir6n rod which is covered 
with the violet envelope, and this luminous segment turns with the brilli^mt jet. 

I have made a great number of experiments, nndcr the conditions just indi- 
cated, with atmospheric air, with nitrogen, and with hydrogen, whether d^ of 
more or leas charged with vapors. I shall proceed to give a description of tbem 
in a siunmaiy manner, first remarking, however, that, whatever be the gas and 
its degree of elasticity, whether it be dry or impregnated with vapor, the rapidity 
. of rotation ia always much greater when the ring eci-vea as the positive than 
when it serves as negative electrode, and that this rotation, which increases iu 
rapidity in proportion as the tension diminishes, c^asea to be appreciable at a 
much less leusion in the second case than in the firot. 

In my earlier experiments I had made use of a large globe, twenty-five cen- 
timetres in diameter, iu which the ring was twenty centimetres in diameter, 
and ihe central iron rod three. This globe was funiisbed with two tubuluree, 
one serving to introdnce the iron rod, whose top reached the centre of tbe 
globe, and its lower extremity issuing from the tubulurc, so as to be capable of 
resting on the polar surface of an electro- magnet. The other tubulurc was 
closed by a cock, which served to introduce the gas and vapor, and from it there 
issued an isolated conductor, which supported the ring and admitted of its being 
placed in the circuit. Tbe discharge thus passed between the summit of the 
rod of soft iron and the metallic ring. 

This globe was filled with air rarefied to 4°"°. The discharge took phice 
nnder the form of a stream which turned with a rapidity of sixty revolutions 
per minute when the ring was positive, and twenty when it was negative. At 
ft pixBBiiTe of 6"™ the velocity was only forty revolutions per aecoud in the 
former caso aud twenty in tlie latter. With vapor of alcohol, at a pretsuro of 
5"", the velocity was respectively twenly-twoand eleven revolutions pet minnte. 
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After these first experiments, wbiob served as my introduction to this BOrt of 
rMevches, I resumed tlie study by availing myself of the jar of twenty by six- 
l«eu centimetres, deecribed above. The following are the results obtained with 
dry atmospheric air : 
Pmanre. Nambet of revolutEtnui id a minute. 

Btnf, fHHittoa. King, n^athi. 

16"™ 65 36 

12™" ; 83 55 
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At 9°™, with the ting serving as a positive electrode, there ia no longer a 
stream, but a dilatation of the discharge, fonuiug a sectcir of from 30° to 45° ; 
and this sector obeys the movement of rotation as the stream before obeyed it. 
But it enlarges in proportion aa the pressure diminishes, and at 61°™ forms a 
complete circular sheet, aud it U then that the rotation, which, up to this point, 
had increased in rapidity, becomea no longer sensible. When the ring serves 
■s a negative electrode it ia covered with a violet sheath, whose size likewise 
increases in proportion as the pressure diminisht^s, but which occupies only half . 
the circumference of the ring under a pressure of 4"°, It is seen to turn very 
rapidly, but at a pressure of 2"° it occupies tlie whole circumference of the 
riug, and there is no longer any eeusible rotation. At the aummit of the mag- 
netized iron rod there is a roseate aureole, from which, as baa been said, emanates 
I shape of a comma, which turns with the violet- 
separated by a very considerable obscure interval. 

It ahonld be remarked that, at a pressure of 6, of 4, and aometimea of even 
3"", it moHt often happens, when the ring serves as positive electrode, that at 
the first moment of the circuit being formed there issues a stream which turns 
too rapidly to allow its velocity of rotation to be measured, but which quickly 
expands so as to form, for so oe iuatanta, a sector which continues to revolvo, 
and soon after a complete circular sheet, which no longer manifests any movement. 

It does not follow that the action of magnetiam ia annulled when the gas is 
too much rarefied for the continuance of a sensible rotation. That action b 
manifested under another form, as is, shown by experiments made under a 
pressure of from 3 to 2°™. Thus, if the ring serves as negative electrode, the 
violet sheath which surrounds the soft iron is eecn, at the moment when this 
laat is magnetized, to subside eensibly, and to rise at the instant of its being 
demagnetized. If, on the contrary, the ring serves as positive electrode, the 
roee-colored sheet which fills the interval between the ring and the summit of 
the central rod of iron is raised, as well as the violet ahect which issues from 
that summit, at the moment of magnetization, and depressed at the inatant of 
demagnetization. 

The following is a more complete experiment with dry nitrogen, and showa 
that rotation begins to manifest itself at stronger pressures when the ring is 
positive than when it is negative : 

Fnuore. Number of rotatioDS in a miniit«. 

Ring, poriitBt Ri%g, ncgailet. 

35™ 12 
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At' 4"" the mtation is too rapid to allow its degree to be obeerrod ; at 3"" 
it appears completel}' to cease. The rose-colored anreole b very vivid irbea 
tbe BOinmit of the rod of soft iron is poeitive. When there is no longer any 
rotation, there ia observed, as with atmospheric air, a movement of depression 
and of ascension under the inflnence of magnetiEation. 

The presGoce of vapor modifies in some important particnlars the resntts 
obtained with dry gases. The following is an experiment made with ordinary 
air Bttbjccted to a presstii« of 2^^, into which vapor of water haa been intio- 
dacod in Buccessive qnantities, so as to increase that preBsnre solely by the 
effect of the presence of the vapor: 

Preunre. Nomber of rotation* in a minnte. 



6™ , 92 

S™ 140 70 

10™ 120 52 

12"" 90 50 

14™ 80 -■ 48 

We see that at an eqnal pressure the rapidity of rotation is greater with 
vapor of water than with dry air, which is attributable probably to the greater 
facility with which the electric discharge is transmittM. With the external 
air of a mean bnmidity, we have, with a pressure of 14'™', 73 revolutioos 
instead of 80 when tbe ring is positive, and 44 instead of 48 when it is 

But the most characteristic fact produced by the presence of watery vapor 
Is tbe division, under the in6ucnce of magnetiam, of tbe single current into 
sevcfal small distinct and equidistant currents, which turn like the radii of a 
wheel. This division is only observed when the ring serves as a positive 
electrode. At a pressure of (i"" the single current begins with turning, then 
expands, whereupon the rotation is no longer perceptible ; but at the preasuie 
of 8, of 10, and of 12"°" this current, from the commencement of its rotation 
under the action of magnetism, divides into five or six small streams which 
turn, as was just said, like the radti of a wheel ; while, when the air is dry, the 
current never divides ; but, under a weak pressure, it merely expands into a 
sector or a circle of which all the parts are continuous. 

When the ring is negative, and there in vapor present, it will bo seen that 
the current which issues from the summit of the iron rod presents, where it is 
iu contact with the iron and at tbe moment when this is magnetized, instead of 
a conliuuoua surface, a series of small brilliant points, which seem points of 
emanation for as many small currents, too little distant from one another to 
bi'uuiiid diKCinct. Here, then, this current, which does not divide into separate 
lilunieiiU. simply undergoes dilatation or expansion. at the point where it is in 
cimtnt^t with the iron. 

Tliu vtijior of alcohol produces similar effects with the vapor of water. The 
bIiikIh cnrri'Ht is, in this case, much more brilliant than with dry air or with the 
viiiiiir ijf wali'r; it presents fine strati fications, which give it an appearance not 
iiulikii lliiil of a caterpillar. Magnetization expands and divides it into several 
I'Hi'i't'LilH, HCTinlhly larger tlian those observed with the vapor of water. If, 
linwimr, till) (liumeUtr of the ring is too large, greater, for inetnncc, than fifteen 
viiitimi-lrcw, the Mub<]iviHion of the current is not effected without difficulty, 
«uli>"rt iliii liitmisity of the discharire and that of the magnetization be very 

s..L>,ia,..,. 1,1.1. 

lUii Ihll.iwing li an experiment in which, the rarefied gas bein^ hydrogen, 
JOi-nwi |i><illiiiiM of alcobofic vapor were successively introduced. Ihe pressnre 
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of the dry and pare gae was in the conuneBcement 5'™' ; at thia presBare, as we 
fhoil forthwith Bee, the hydrogen tranBmitB tho diecliargc only under the form 
of a luminouB Bheet. The t)reB8ure was afterwards augmented aolely by meaiiB 
of the vapor of alcohol, with the following reBults : 

Namber of lerolatioiu in a minnta. 
Xtng, pmilm. Ring, Klgati't. 

'. . . . 'Luminoaa Bheet 92 



The divieiou into diBtiact carrcntB, more or Icbb nnineronB, was maoifiisted 
when the ring was the positive electrode. 

When pnrc and dry hydrogen is adopted aa the medium in which the dia- 
cfaargee take effect, the phenomena of rotation are obtained with sKoX difScnlty. 
At rather Btrong preesures, euch as that of ISS^"", we have annmber of cnrrenta, 
but these currcntB are too intermittent to allow of the magnet's acting upon tbem. 
At 90"™ I have obtained a small stream ttndcr the form of a hlnish-white 
filament, which, the ring being positive, turned at the rate of thirty-five timea 
per minnte ; but, at the lapse of some instanta, it became subdivided into a 
multitude of small, irregular streams, and rotation waa no longer perceptible. Ae 
far aa 40="°, the action of the magnet waa indistinct. At 30=™, the negative 
ring was covered with small violet sheatbB, at equal intervals, which seemed to 
experience, at the moment it was magnetized, a tendency to move in one direc- 
tion or the other, according to the direction of the magnetization. The same 
was the cose with the Bmall brilliant points, likewise distributed at minute in- 
tervals, with which the ring, when positive, is covered. At '5°^°^, and still more 
at three and at two, the ring is entirely covered, when it is negative, with a fine 
violet-colored sheath, which becomes contracted under the influence of the vxb^- 
net. Tho top of the iron rod, which is ihen positive, is Burroundcd by u beau- 
tiful white aureole, slightly tinged with rose, three centimetres in brcadih, and 
stratified in a very marked degree. Magnetization sensibly contracts this au- 
reole, and compresses its strise without diminishing their number, elevating it, 
and, at (he same lime, giving it the form of a pear resting with its base on tho 
magnetic pole. When this pole is the negative electrode, there isauoB from it, 
as we have seen, a brilliant tuft of a violet color, which conforms itself to the 
action of the magnet. 

All the phenomena just described show, in a striking manner, the molecnlar 
differences which various elastic fluids present, as regards one another, even at 
an advanced degree of rarefaction. Thus in hydrogen, although that gas ia a 
very good conductor of electricity, electric currents can, with di£Bculty, and, 
indeed, pcarcely at all, obey the action of the magnet, probably by reason of the 
slight density of the gas. In air, aud in nitrogen, it ia quite otherwise, and still 
more when these gases are humid. ITie singul.ir property possessed by the 
electric current of dividing itself into several small and distinct streams, instend 
of diffusing itself, under tlie influence of magnetization, when the medium which 
transmits it contains a more or less quantity of vapor, would eccm to indicate 
in the vapor a greater cohesion than in the gases properly ao called, if, indeed, 
we may employ the term cohesion when the question relates to elastic fluids so 
much rarefied. It might also be possible that this division into atrcamleta is 



192 pnENOMENAACCOHPANTIKQ PBOPAQATION OF ELBCTBICITT. 

ihn raiiuU of an optical illafllon. dne toa very rapid anecesflion of jets cmanatiDg 
J'rnin (liircrcnt points, and wliich, in reality, are not Bimoltaneous. This is a 
]iolnt for oxaminatinn. 

IIowcvLT this may be, it is evident tbat the etndy of the stratification of elec- 
tric liffliti and of the action of the magnet on the discharges hi different gaaeons 
ludilliinis, difcloBcB diflcronces between those mediums which can only reimlt 
fViiiu tliclr diflercDco of molecular constitution. Density, in particular, would 
a^pi'iii^ to have a great influeoce on this order of phenomena, since we see hy- 
dr<))(<-ii uiutiircst lliem in so feeble a degree, while the vapors of water, and 
iiMpi'clitlly of alcohol and ether, present them in so decided a manner. The 
jirojicr imlure of elastic fluids, opposing more or less resistance to the transmie- 
iiliiu of ottTtriritr, must, doubtless, also play it« part. It might not he impos- 
mIIiIo iIk'U, ihar, i» a more debulcd and more exhaustive study of the phenomena 
will) which our alttMition boa been occupied, and more particularly of those rc- 
ItttiiiK tu tilt' acliun of tlio magnet on electric currents propagated in much rare- 
tldl t<liiNllo fluiilx, we ma^ be able to find the means of acquiriog some new ideas 
Oil tho phyolcHl eouBtitution of bodies, and on the manner in which the propa- 
gi4tiuu of tilictriciiy is therein effected. 
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In proceeding, as has been the custom of my predeceasors, to preeent an 
acconnt of the labore of the society during the year just elapsed, it is bat 
proper that 1 should acknowledge how greatly my task liaa been facilitated by 
the acmpuloua exactness with which the reports of our several mcetingH have 
been drawn up by onr secretary, M. Ed. Clapartdc. Among the topics clnitning 
my attention, many have been already communicated to the public, or are about 
to bo 80, through the medium of scientific journals ; as regards these, tlicrefore, 
1 ifaall restrict myself to an indication of the titles, or a very summary analysii 
of the coneluHions arrived at. In the arrangement of subjects I cannot do belter 
than adopt the division into two sections, tliat of the physical and that of tho 
natoral sciences, 6rst proposed by M. do hi Itive, and since observed by th« 
greater part of the presidents who have succecdc^d him. I shall follow, more- 
over, the example of my immediate predecessor in touchhig very lightly on tha 
diHussions which have taken place oitlier on the occasion of original memoin 
nad before the society or of verbal reports on recent discoveries made in other 
CDuntrics ; not that these discussions have not often possessed a genuine interest, 
but because it is essential, if this valuable nbnervance is to be retained by ua, 
that the appreciation of the labors of others, the Tcrbal communications in 
which one is sometimes led to enunciate ideas arising at the moment and perhaps 
Dot always sufficiently considered, should receive no greater publicity than that 
which results from the reading of the journal of our sittings. 

PHYSICAL SCIENCES. 

Our indefatigable colleague. Professor Gautier, baa continued to keep the 
wciety well informed of tlio discoveries made in aatronomi/. His communica- 
tions have been numerous and diversified ; we must here limit om-HcIves to tho 
nealion of the mnst important. Itl. Gantier presented to the society, iu tho fiial 
place, a iTp')rt on the obsenntions of M. d'AiTCBt. of Copenhagen, relative to 
the number and to the variability in brightness of the nebnlic, oa well as to 
certain points, still doubtful, which would tend to iudicatc a proper movemeni 
b somu of those bodies ; secondly, an account of a memoir of M. Lnmon on the 
periods of the variations of magnetic declination, and the analysis of researchei . 
by M. Maine on the flattening of Mars, which he estimates at g'^ ; thirdly, a 
report Qn some receut observations of AI. Donati on the comets, and on a memoir 
of the eame author iclative to atcllor spectra: M. Gautier announced ou this 
13 8 
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occasion that Father Secchi also was occapicd in the stndy of atelkr ep«ctnt 
compared with the boI.it spectram ; foorthly, M. (iauticr presented laetly to the 
Bocicty a plate of Father Beeehi, representing the different appearances of the 
naclcus of the comet of 1SG2, diSL-reneea which, aa M. Wartmann, er., has 
pointed ODt, might result, at least in part, from the circumstance that the 
ohservatioDS took place at different hours. 

Professor Plautamour annonncea that he has collated the series of obserra- 
tionB.tandc for twentj years on the latitude of the observatory of Geneva. 
That latitude would he 46° 1 1' 58".75, with a mean error of some hundredths 
of a second. 

Meteorology and terreilria! phytlet establishing a natural bond between 
astronomy and physics properly so called, we shall first direct our attention to 
* several communications which wc owo to Professor Plautamour. Besides the 
annual meteorological summary for Genera and Saint-Bcmard, publi^ihed. as 
usoal, in the archives of the physical and natural sciences of the " llibitotheqne 
UnivcrBcllc," H. Plautamour has communicated to the society an interesting 
memoir relative to observations made at Geneva, for thirty-five years, on the 
force and dii-cctiou of the winds. lie has found that in winter the number of 
northeast and that of sonthwcst winds balance each other; the northeast pre- 
dominates in spring and in autumn, the southwest in summer. The general 
resultant is a little west of north, which proceeds from the fact that the mean 
direction of northeast winds more nearly approximates to north than does the 
mean din-ction of southwest winds to south. The above results are somewhat 
modified If the origin of the winds bo taken into account and if local are dis- 
tinguished from general winds. The former doi>end chiefly on the vicinity of 
the lake and the variation of tempcraturo in the twenty-four hours, giving rise 
to a regular breeze morning and evening, analogous to breezes of the land and 
sea. The memoir of M. Plautamour has been lately published in his extensive 
work on the climiite of Geneva. (See page iS, et sequent.) 

Tiie Bume savant read to the society a memoir on the diurnal variations of 
the atmos]iIioric pressure, a memoir likewise published in the work just men- 
tioned. After having passed in review and combated as insufficient the tlieories 
proposed by MSI. Krail and Dov6, M. Plantamour concludes in favor of that 
proposed by M. Lamon, according to which the phenomenon of the diurnal 
variation would depend on two di.ftinct influences, one resulting from llie tem- 
perature properly so called, the other from a kind of electric attraction, whoee 
nature is as yet completely unknown, but owing probably to the action of the 
sun. M. Plantamour founds his prefen;nce for this theory over the preceding 
on tbc consideration that it furnishes the means of explaining the double dium^ 
oscillation which is observed in the barometer, while the influence of the tem- 
perature, it would appear, ought to produce but a single one. Tho author 
presents, in support of his opinion, a Comparative table of tlie dinnial variation 
of the temperature and of tlic barometer ibr Geneva and Saint- Bernard. 

To complete our analysis of what relates to tciTCStrial physics and meteor- 
ology, 1 have still to notice two communicationE, one from Professor do la Rive, 
relative to an ourora borealis observed in the month of December, in which the 
■ rotation of the arch from east to west was perfectly evident, and another from 
M, Lonis Soret, who has presented to the Society an apparatus constructed 
according to his directions in the workshop of SI. Seliwerdt, an apparatus de- 
gigned for the measurement of heights by a determination of the temperature of 
the ebullition of water. In the construction of this inMrument, the chief object 
of M. Soret has been to attain a perfect precision in thermometrtcal indications, 
a condition which has heretofore been wanting. lie has succeeded, on tho one 
, ttand. by surrounding the ball of the thermometer with two envelopes of vapor 
Bjslead'of one, in abating tho variations of tempernturo proceeding from with- 
ma\ and, on the other hand, he prevents the effect of on ebullition often t*>o 
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much precipitated, by immersing tbc bottom of the lamp of alcohol, by the flame 
of which the water is to be mode to boil, in a bath of cold water. The aole, yet 
Bomcwhat grave objection which has been advanced against this apparatus , is, 
that in ag till greater degree perhaps than the barometer, itrcriuires to DC observed 
with scrupulous care, and demands precautions which can scarcely be ex- 
pected on the part of observers who are not physicists. 

If we pass now to physics properly so called, we shall see that, as in the 
past, it is elcctriciiy which has played the principal part in the commonicationB 
made lo the Society during the year under review, Our colleague, M. de \& 
Eive, has commnnicated to na, at two consecutive meetings, the resulta of hia 
researches on the phenomena which characterize and accompany the propagation 
of electricity in highly rarefied clastic fluids. In the classification of his ap- 
parattts, M. de la Kive insistH more particularly on the means which he has cm- 
ployed to measure the intensity of the discharges or transmitted currents, by 
availing himself of a deri\-c(I current taken by means of two small sounds of 
platina, in the distilled walcr placed iu the circuit of the principal current. 
He also describes a manometer which enables him to appreciate to nearly the 
fiftieth part of a millimetre, and, for practiced eyes, even to the hundredth part, 
the tension of the clastic fluid anbmittcd to cspcriment. The researches of 
M. de la Rive have been directed to atmospheric air, nitrogen, and hydrogen. 
He has studied, in the case of each of thet^ gases, the influence of the dimen- 
sions and form of the gaseous mass, as welt as of the pressure, on its capacity 
for transmitting electricity. lie has described the successive appearanceo 
which the electric light assumes, in proportion as the pressure of the ga^ dimin- 
ishes, and particularly the variable form and size of the st ratifications of that 
light, together with the formation of a violet-colored photosphere around the ball 
serving as a negative electrode, and of a black space, from live to ten centi- 
metres in length,*which separates that photosphere from the stratified luminous 
column. lie has satisfied himself, in the conrsc of a great number of ex- 
periments, that these appearances of electric light in rarefied gases are 
due to a mechanical effect pividuced by the transmission of electricity, au idea 
which bad already been advanced by M. Riess. M. de la Rrvc has suc- 
ceeded in showing, by direct experiments, that the mechanical effect in ques- 
tion consists in a considerable dilatation of the gaseous matter near the negative 
electrode, followed by alternate contractions and dilatations in the column up to 
the positive electrode. First. Ho was easily able to verify, by means of the 
manometer, the existence of the oscillatory movement in tue gaseous column, 
and the variations in its intensity, which depends, aa he has shown, on the 
nature, degree of tension, and dimensions of the gaseona mass in question. 
Secondly. He has demonstrated esperimentally that if, by means of small sounds 
of platina suitably arranged, derived cun-ents are taken in diffei-ent parts of the 
luminous column, all traversed by the same discharge, gi'eat differences will be 
found in the intensity of these currents, diffcrencca which prove that (he ob- 
Kurc parts possess a greater conducting capacity, and are consequently the most 
dilated. With hydrogen, the best conductor of the gases, no derived current 
is obtained in the obscure part of the column. Thirdly. M. de la Rive points 
ont that the indications of the thermometer placed in different parts of the 
stratified colnmn condnct us to the same results, bv evincing great differences 
between the temperatures of those diflerent parla ; tue more obscure parts being 
Bcnsihly less warm than the lumiuom), which proves that tlie former are better 
coadnctors. The author has obtained a great number of numerical results, in- 
dicating the differences of temperature, at diflerent pressures of various portions 
of the gaacons column traversed by the discbarges. 

M. de la Rive completed his communication at a subsequent session, by ex- 
plaining to tbo Society the modifications produced in the pheJromcDa relative to 
tbe popagatioa of electricity, UuraugEi Mghly rarefied mt^^uns, E^ the action of 
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K". 1 'ehub tD angmeiit the reeietance of thtt 
— :; >t •ii'ctTtciiy, by condensing tbe goseons 
i_.. -5 .-F ,jt' nndcring luminoua the obecnro 
_; ::■ in?'.-Tiw»))r too much dilated gns which 
.1 'I a. lie ta Rive was cepccmlly drawn to 
r ; TiBurT'cisni on the electric discfiargp. He 
^--"i -Ti diis point, certain very conetant facts. 
.: ■: .1 he rotaloiy movement of the discharge, 
[ iiv currrnt, the nature of the gas, and ita 
■-ntiriid the very great difference which the 
f •.iii: mr^ficd gas is dry or containn vapor 
-1 .-ise. die luminoiiB discharge expandu under 
1 -ii'-'C which fonnii the surfiice of a sector, or 
\:< z^a b very much rarefied. In the ca?c in 
-■iL*<i ri^ the discharge, instead of cspauditig, 
:i'.»-r •}{' itDtM partial Jcta at equal iaterepaces, 
■1 -ly a movement of rotation around its centre, 
rbe same kind, have led M. du la Rive to 
laani'Qt gases and vapors, in reference to tho 
r suiecaliur constilntion. The. author tcrmi- 
> '[h nftne g:eneral conpiderations on thia exten- 
r titi; prerecnt. conclusions too absolute would 
.-i:! t':v(n presenting them until he shall have 
.U'l;::^ them to a greater number of gaseous 

>r« ch.iD i» usual in an analysis of the memoir 
uTtrLTin. n.'( only in the importance of tbe eub- 

-in- r-suics which ho obtained have been hcre- 
s. Till' *Qtire memoir is about to appear in 
I 'Hi'i -I I't" the !>ociely, now in the press.* 
■' -•> U. Jo b Rive the model of a new system 

-I. t <<:i which he has introduced into the bat- 

\ c:i.- u' iti'd lo render its management moro 
-,!-.:-j.'ti. which is eilremely manageable, and 

, ;■ .:j. pisfos^-s the advantage of requiring 
i s:i- iTiiuous the removal of the nitric 

,.- .*-! iv of scNfral days and many cxpcri- 
■■,.,r ft -liis battery, M. de la Rive has been 
^ ■i.'i:s .'i :he electro-dynamics of Ampere — 
r- I ■-■ T *;\ p-iir* of Grove or of Bunsen. 

V . I'.is t-T (V'tV-.^sor Wartmann relative to 
. <■ '. 10 . 3ii: t>f pressure whicli permits a 
i-iv. .. », w wt'il » to tbe influence which the 

.„ v.v -ti* on the passage of a current, tho 

.■^1 •( ;Iiv- s.vu'iy by an account of some 

.. iv- ;.i-* rvu:tlvo of the British Association 

. ^ .K. .V-u<':i^ ib<^ communications made on 

V ■i..;v iM.-vaUrly ihc observations of M. 
. 1. .:i . r.> avuid the inconvenience of a 

, , .■, - iluv-iiig the solar rays directly iiito 

^, , ', .1^ • I'oh i:( plane on the side next tbo 

. ..• K -i' disptrw the luminous rays and 

. ■. ,1' Tv'rt<-tted by the plane surfaco, 

.- ..>k< '-'< » -!)•■ towards the hour of noondiiy' 
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the Inminons envelope of tlie eun prcscntfl a great number of epindle-e Imped 
inuigca. wfaicli might, be compai'cd to willow leaves strewn .coiifudedty over its 
aarlucc. Of tliesc M. Wartmann has presented to tlie Society a pLotograph 
token from the original designs of M. Nasmith. Tbcse images seem to be dis- 
placed one by auotiier, sometimes parallel to their axis, sometimes by an angu- 
lar movement. The preeeding observations Ijave been confirmed by JI. I'rit- 
chord, who announces that they maj- be repeated with a good telescope of from 
three to fdur inches. M. Wartmauu also gave an account of experiments in 
telegraphic electricity by M. Wbcatstone, which he witnessed, and by which 
it is practicable to obtain despatches written with extruordinarv rapidity. 

The same physicist communicated to the Society a, i.ote relative to an elec- 
trical phenomenon observed by M, Alizicr, teacher at Geneva, July 24, 1S56, 
on the summit of the Oldenhorn, Of a sudden the staves borac by BI. Aliziur 
and the persons who uccompaniod liim began to sound in tlic manner of the 
posts of the telegraph. In a few momenta a heavy storm of hail descended. 

Professor de 1^ Rive, on hie return, in Way, 1863, from a sojourn in Paris, 
reported to the Society several new scientific facts which he had gathered. He 
draw attention, in particular, to an investigation of M. Uclmholtz, by which that 
savant bad arrived, simultaneously with AI. W. Thompsmi, ut the conclusion 
that the earth cannot be liquid in its interior. He also thinks himself entitled 
to affirm that it is not neccssury to recur to the hypothesis of aerolites falling 
continually into the sun, in order to explain the persistence of the high tem- 

Cerature of that body. It suffices to admit that the sun, having become heated 
y an undetermined cause, is now growing cold with extreme slowness; for, 
according to M. Helmhokz, the calculations heretofore made greatly exag- 
gerated the rapidity of refrigeration in regard to that body, because they 
neglected to take account of an important clement, namely, that the hub 
diminishes in volume as it grows cooler, and that this contraction must de- 
velop new heat. 

M. do la Kivc presented to the Society, in the name of his son, M. Lucien de 
la lUve, a memoir on the number of independent equations in the solution of a 
system of linear currents. This memoir, being wholly mathematical, is not 
adapted to analysis. 

Professor Mareet has continued to impart to the Society many facts relative 
to Doclumal radiation ; among others, to an altogether abnormal refrigeration 
of the surface of the ground, and of tho stratum of air in immediate contact 
with it, which he has remarked during the first days of March in localities 
turned towards the north, not only at the hour of sunset, but even during the 
warmcKt hours of the day. The author attributes this extraordinary cooling 
of the surface to the concurrence of several atmospheric circumstances, but 
mor*: especially to the extreme dryness which had prevailed for some time, and 
which, as Tyndall has proved, peculiarly facilitates tho radiation of terrestrial 
heat.* 

it. Mareet has taken advantag^e of the residence of his son in Australia, to 
induce him to repeat at Queensland, under the SSd degree of south latitude, 
the experiments on nocturnal radiation, which have been recently made in our 
temjicrale climates. It would seem to result from these experiments that the 
phenomenon of the increase of temperature at certain periods of the day, when 
1^ ascend some feet above the surface of the earth — a phenomenon so well 
authenticated in our temperate climates — is not remarked in the regions of the 
torrid zone either at the rising or setting of the sun ; or if it takes place, it is 
in a degree scarcely sensible, hardly ever exceeding 0°.4 Cent. M.* Lucien de 
la itivc has recently made some observations in Egypt, on the banks of the 
Kile, which would appear to lead to an analogous result. M. Mareet expliuna 

* Soo JrcAicM d«t Scienta Phgtiqatt «f NatantUt, April, 1863. 



198 PEOCEEDmaB OF THE fiOCIETT OF 

tbis apparent anomaly by atlribating it to several cansee, but more particii- 
larly to the great quantity of water, under tbe form of elastic vapor, Leld by 
the atmospLcro in tropical region B, -especially in countries but little remote 
from iho Bca — vapor vhich, it is known, posscesea the property of intercepting 
in a liig!i degree the dark heat emitted by the ground, and which wonld 
thua contribute to render so much less apparent the efiecta produced by the 
Doctumal radiation. 

Communications on chemistry proper have tbis year been leaa numerous 
than u^ual. We have Bcarccly anything to cite but some remarkable researchea 
of ProfcBsor Marignac on the tungsiotes, tb« flno-tungBtates, and the fiuo- 
borates. Tbe subject, although of great importance, and treated in a masterly 
manner, ia too special to allow of my presenting here even a summary analysis. 
We may, beBidcf, direct the reader for a detailed extract of the memoir to the 
comptes rendua of the Academy of Sciences, in anticipation of its appearance 
in exfenm in early numbers of the Annalcs de Chimie et de P/iffttque. 

Dr. W, Morcct has drawn the attenlion of the Society to investigations made 
by him on the digestion of fats, particularly on the mode in which the emulsiftn 
of those substances is effected by means of the bile, and probably also of tbe 
phosphates, which occur abundantly in animal food. The same chemist also 
communicates experiments, which he has recently undertaken, on the compo- 
sition of the gastric juice, and on tbe chnngea which it undergoes aa to tbe 
degree of acidity during the act of digestion. 

NATURAL SCfBNCeS. 

The natural Bcicnccs, and more especially grology and paleonlolcgjf. have 
this year had a large share in tbe labors of the Society. We should mention, 
in the first place, several important communications of Professor A. Favre; 
and, first, his geological chart of portions of Savoy, Piedmont, and Switzerland, 
in the neighborhood of Mont-Blanc — a chart drawn on a scale of f i^ao6 ' ^^^ 
which is the result of persevering and conscientious labors pursued since 1S40. 
M. Favre has also presented ub with the geological chart of the Jura mountains 
pertaining to Basle — the first published at the expense of the confederation, 
under the care and direction of il. Miilter. It is designed on a scale of j^AjfK- 
There is reason to fear, however, that the cntcrpiiae cannot be continued in 
such wide prop6rtion8, and that it will be neccaaary to return to the scale of 
■nr^uTi- 'i'be chart is accompanied by a publication in two scries — one for the 
Jura, the other for the Alps. 

M. Fflivre also read to tlic Society n memoir containing a detailed description 
of the mountain of tbe Voirons, of which he has determined the succession of 
the different strata.- This memoir will soon appear in the text which wUl ac- 
company the cbart of Savoy. 

Tlie satae geologist read to the Society a critical analysis of MM. Koecblin- 
Schlumberger and Schimpcr on the transition deposit of the Vosges — a deposit 
referred at present to the old carboniferous sSrics. He also presented, in the 
nomc orM.Studer, a geological memoir on the Balligstock and the Biiatcnbei^, 
situated on the borders of the Lake of Thounc — a memoir which has been pub- 
lished in Ihe Archives of the Physical and Natural Sciences. 

Professor Pictet read to the Society a note containing critical observotionsoo 
tbe subject of a new stratum, which M. Coquand proposes to introduce into the 
series of cretaceous formations — a stratum already known under the name of 
"alpine neocomian," and to which lie proposes to give that of " baremian," 
considering it as the equivalent oT the yellow stone of Ncuchitel, M. I'ietet, 
without disputing the propriety of a new name, does not admit, between the 
ban'mian and the yellow stone of Ncuchitel, so precise and restricted a panil- 
lelism. 
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The same savant called the atteotion of the Society to an alleged reptile with 
feathers, foood in the Jurassic of Soleohot'er, and described by U. Waguei 
«B possessing at once the tail of a reptile and the feathers and icet of a bird. 
This fossil has btnm acquired for the llritiah' Museum by M. Owen, who will 
soon publish a detailed description of it 

The Society has contiuued to keep itself informed of the facta relative to the 
"foiiil man." Its interest has been particularly excited by the discovery of 
the human jaw-boue of Moulin-QuigaOn, near Abbeville. M. Pictet, who took 
occasion very recently to stndy, at Paris, this bone, and the hatchets wtlich ac- 
companied it, bos set forth to the Society the reasons which Bccmcd to him to 
render the authenticity of those objects incontestable, notwithstanding the doubtt 
at first expressed on this subject by eminent paleontologists. More recently w* 
have learned with much interest that a sort of scientific congress had been con- 
voked at Paris, and the authenticity admitted with UDaiiimlty. It remains to 
eolvc the question of antiquity — that is to say, to decide what place the deposit 
of Moulin-Quignon should occupy in the scries of quaternary and modem 
formations. 

'M. Bcnevier has communicated to ns a photographic view of the Diablereto, 
geologically colored, and has, at the same time, given to the Society an account 
of some recent geological excursions in the vaudese Alps. He has been enabled 
to complete the series of Jurassic formations in this district by the discovery, in 
the Dlablerets, of a stratum of bajocian, (inferior oolite,) and of a stratum of 
btulumian, (greater oolite,) the first being characterized by a gigantic fucoid. 
Finally, M. &caevier anuoonces groins of " chara " in the nummulitic of th* 
Diablcreta. 

Wo arrive now at organic natural history, and it remains to apeak of botanjr 
and zoology. 

Bofany. — Professor De Candolle has presented to the Society several in- 
teresting communications relative to vegetable physiology and to botany proper; 
panicuUrly a paper on a new character observed in the fruit of oaks, and on 
the best division to adopt for the genus " Quercus ;" a memoir entitled S'tcdiet 
OH tpFciea, occasioned by a rccisian of lite family of CupiUifera, in which the 
author discusses the system of Darwin, ai^d the theory, applied to the vegetable 
kingdom, of a succession of forms proceeding from the deviations of an anterior 
form. Both these memoirs having been published in the archives of the physical 
and natural sciences of the Btbliolheque VaitcrtelU we shall here content 
onrselves with indicating them to savants who aro interested in questions of 
thia kind. 

Besides the original memoirs just cited, M. de GandoUe brought to the notice 
of the Society some interesting results of observatious made by M. Schnbler 
" on plants cultivated in Norway." The author has shown us in what degree 
Uie deficiency of heat, in northern i-cgions, appears to be compensated, by thff 
prolonged action of the light due to the length of the days; to such an extent 
that, in proportion as wo advance towards the north, the coloration and sapidity 
of plants seem to incicaso rather than diminish in intensity. 

M. de Candolle has also drawn attention to two memoirs of Dr. Hooker. The 
first relates to a phint discovered on tlie African continent, opposite Fcmando-Po, 
to which he has given the name of Welwiuckia. This plant, whose trunk is « 
cone of little height, surmonntcd by a torous ('^Mf/cV tabic attaining a diameter 
oF eii feet, presents the singular character of having but two leaves, which are 
indeciduous cotyledons. It is the only vegelable known whose cotyledons are 
■ot caducous. The second memoir of M. Hooker relates to the celebrated 
proap of cedars of Lebanon, which is found to bo established on the moraine 
of an ancient glacier, and which this botanist visited in 1860. M. Hooker is 
inclined to thiak that, in the present circumstances of climate, this tree could, 
with difficulty, establish itself on the mountain where it is foimd, and pronoimcee 
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the opinioD that the old cedara vhich now exist there are but the rcmainfl of 
an ADcicnt forest, dating from aa epoch more favorable to the development of 
the species. It is certain, in the mean time, that the cedar of Lebanon, that of 
tbo Himalaya, and that of the Atlas present varieties which it is difficult to 
distinguish from one another. Ucnce M. Hooker is disposed to admit that 
they all descend from one primitive form, which bas spread itself over a vast 
region when the climate was more temperate than it is at present. 

To Rev. M. Uuby we arc indebted for a note relative to observations made 
at Bombay, on a champignon or fungus which attacks tlic feet of the natives, 
and produces a malady known in the country under the name of " podtilcoma 
mycetoma." The hones of the foot and lower leg are gradually pcrforal^d 
through and through, and the champignon, which bears spores very similar to 
those of the oi'dium, lodges in the cavities thus formed, nndcr the shape of a 
■pongy mass. H. Duby bas also occupied our attention with the very ingenious 
ODservations of M. Darwin on " the mode of fecundation of the red flax." The 
same botanist also aiinouncea that lie bas obiterved in the Callitiachyi liittarit 
a very remarkable movement of the inferior leaves whicb, at the decline of day 
embrace the stem, while the eni>crior leaves embrace the car. 

Zoblogi/ and Phijtivlogij, — Dr. Dor called the attention of^the Society to a 
new theory of Daltonism, or rutlier to an old theory of Young, to which there 
seems to be a tendency to recur at the present time. Agreeably to this theory 
there exist in the retina three descriptions of nervous fibres ; the first sensitive 
to red, the second to green, the third to violet. Daltonisls, then, would bo 
those in whom one of these orders of fibres is completely paralyzed. M. Dor 
bas also' proposed a new scale of cbai-actci-s for measuriug the distinctness of 
vision. 

M, Victor Fatio presented to the Society a specimen of a lizard of the Alps 
called " Laccrta nigra," I'cgarded by some authors as eonstilnting a particular 
■pecicB. M. Fatio i% rather disposed to consider it aa being but a simple variety 
<n the " Lacerta vivipara," and he adduces the reasons which lead him to bold 
this opinion. 

The same pliysiologist read to the Society a note on the liabits of the " p1^ 
bate Gultripcdc," of the coasts of iJrittany. He has ascertained that this batra- 
chiau is a nocturnal animal, which buiies itself during the day in the sand, and 
remains there till night in n state of complete immobility. M. Fatio has also 
communicated to us a plan of geogiaphical dittti'ibutioa, designed to form the 
basis of an extensive work, winch he has umlertnken with the view of making 
K complete catalogue of I he lerlebrata of Swilxertaud. 

To complete what we have to say on <)rgai)ic natural history, we should 
mention an interesting notice by SI. Mullcr, relative to the recent modifications 
which the thcoiy of cellular organization has undergone ibrough the infiuenco 
of the labors of MM, Di'Qcke and Max. Schulizc ; and a eommnuication of H, 
Claparede, in which that physiologist renders an account of some epideniio 
instances of "tricliinus spiralis" lately authenticated in Germany, and more 
especially iu Saxony. It is now known ihat the larva of this parasite continues 
to live in the (Itiih of the hog when inanfficieiitly smoked. Now, a single pair 
of these unimuJcules, arriving at maturity iu ihe human intesline. suffice to 
infect with larvai all the muscles of the body, and to occoj^ion the gravest con- 
■equences, sometimes even death. The danger of such an infection is now bo 
fully realized that the inbabiianbs of Planen, in Saxony, have established at 
their Blauglitcr-bouse an official, provided with a mitroscope, and have prohibited 
the sale of hogs whose flesh haa not been previously examined with the help of 
that instrumcut.* 

■ For an appendix to this part of the report sea thooiul of tliigatOclBj. ,1.^ 
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Dr. GosHe baa commniiicat«d to the Society a note of JA. Campbell relative 
to tbe frequency of goitre, ia tLo districts near the foot of the iliuHlaya — a 
malitdy with which also goats and sheep ore frequently infected when they de- 
scend from the mountain. Lastly, l)r. Lombard haa read to un a detailed 
extract of ubdcrvations publiahei by M. Jordannet, a French physician, on the 
climate of Mexico, coosidered in a medical point of vie 



Having thus presented a cursory review of our proccedingB during the past 
yeajr, my .task unfortunately is etill incomplete; for, no twitii Stan ding the re- 
stricted number of our members, ecarcely a year paaaes in which your presiding 
officer, in his annual report, is not called on to deplore the loss of one or more 
of them. This year bos removed two from amoug us; one of them, M. Le 
£oyer, a retired member, of advanced age; tbe other, M. Etieune Klelly, a 
member in ordinary, whose years authorized us to hope that we might long re- 
tain bim. I must not close this report without briefly recalling the titles they 
posseasetHo the esteem of (he learned world and the afl'oction of their colleagues. 

EtiennffMelly, bom at Geneva, in 1807, early evinced a decided taste foi*the 
physical sciencea. After aucceesfully pursuing the course of our Academy, he 
weut to Paris to complete bis scientific studies, and on his return to bis country 
was attached to the industrial school of thia city as a teacher of physics and 
chemistry, tbe study of which he may be said to have created la the establish' 
mcut in question, and from the superintendence of which be never desisted 
until tbe infirm state of his health made it impossible for him to give to his 
duties the care and attention which his scrupulous conscience exacted. While 
thus employed he prosecuted divers physico-chemical researches of great interest, 
only a part of which, owing to his charactbristic diffidence, have been commu- 
nicutcd to the public. His two principal publications appeared, the firet, in 
1839, in tbe Bibliolheque Unirertdte, the second, in 1811, in ihc first volume 
of the Arcliico lU I'Electnciti. The former treats of certain felicitous attempts 
which be had made to apply platina to other metals by means of pressure so as 
to obtain a very solid plate, and he thus able to substitute, in certain chemical 
processes, for utensils of platina, utensils of platinized copper. This mode of 
platinising ofiera greater assurance than that by electricity ; in that it better 
resists the action of chemical agents. 

Tbe second publication of M. Melty, and that of most importance, embraces 
two distinct parts : the first, relating to a more economical construction of tbe 
battery of Grove, then just invented, and to the study of the chemical eficcta of 
electricity by means of that .apparatus. Tbe second part has for its object the 
study of the chemical effects of the electric spark, whether produced by Grove's 
batlvry or by currents of induction. M .Molly seta forth in bis memoir the 
numerous experiments by which he had succeeded in decomposing, by means 
of that sp.irk, not only distilled water, hut the most isolating substances, such 
as oils, ethers, alcohol, &;. Ue establishes, by a well -sustained analysis of the 
results be had obtained, the difference which exists between this mode of de- 
composition and electro-chemical decomposition properly so called, and be shows 
that it is an effect, not of electricity itself, but of the intense beat developed hy 
tbe electric spaik. 

W6 know that this decomposing power of heat, carried to a high degree, has 
been since denlonstrated in a direct manner upon water, without tbe interven- 
tion of electricity, by M. Grove, and bas been extended npon a wide scale to a 
multitude of substances by M. Deville, who has called it, " the disdociation of 
bodies by beat." Still, there will remain to M. Melly tbe honor of having firsti 
by bis ingenious experiments, called the attention of the learned world to this 
important subject. Independently of what he has made known by bis publl- 
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cations, Moll^^, who kacw no remiaaioa of labor, often obuined interesting 
results whicli be kept to himeclf, or communicated but to a few of bis friend£ 
The distressing state of bis healtU having compelled him, many years since, to 
abandon bis laboratory, he did not give way to discouragement, but continued 
to devote himself with the same ardor to tue microscopic invcetigationa which 
constiluted the scientific interest of his latter diiys. Of these he has left but 
few written notices ; their results arc contained in his coIli'ClioQS, especially in 
that of the Uiatomi'nt, of which he has left more iban lii^y boxes, containiug as 
well the Dialomcae of the environs of Geneva, as those of fbrcigu lands and those 
of types determined by known authors. As to the microscopes of which he 
availed hinii^<ilf, it may be affirmed that never have the Algse of <iur country 
been studied with the help of instruments so perfect. Mcljy, besides, brought 
an extreme carefulness to the preparation of microscopic objects; wc may judge 
of it by tbc Ibllowing fact i-eportcd by Professor Thury in the interesting notjce 
which be read of bis friend : The collection of Diatomero was twice resumed 
entirely anew by Melly, because the distilled water and alcohol which he had 
employed were found to be not absolutely pure. 
■, Melli ' 



Of a conversation as frank as amiable, Melly had, moreover, tbat^votedneaa 
foi»otbcrs, whose character is tbc most complete self-abnegation. Iflppy in the 
success and welfare of his friends, every feeling of envy and jealousy was so 
alien from his nature, that he would not even admit tlie existence of these evil 
sentiments in another. Uaving suffered in bis dearest offccliuus by the loss of 
a beloved consort, he remained tlicnceforward completely isolated. But this 
isolation, far from rendering him egoistic, had still more enlarged bis heart. 
His gratitude, for the cares and attentions of which he was the object on the 
part of bis friends was as toncbing as amiable. The religious sentimeots which 
sustained him in the midst of trials so various and afflicting were always 
nniied in bim with a perfect tolerance in regard to those who did not share his 
opinions. It was the fruit of an elevated and disinterested nature, such as is 
rarely witnessed, lie sank, February 4. 18(>3, after long and acute sufferings. 

Auguste Lo Iloyer sprung from an honorable family, and whose ancestors 
bod been pharmuccutistB from father to son ; was bora at Geneva, in 1793, After 
pursuing bis earlier siudies in his native city, bo went in 1811 to Strasbui^. 
where he passed eighteen moullis of preparation in etudj^-iug pbartnocy, bis 
fbture vocation. In 1813 be relumed to Geneva, took an active part in the 

Eolitical events of tbe lime, and in 1817 was admitted a pharmoeenii^t niter an 
onorable examination. Thenccforwui-d Lo lloycr zealously occupied himself 
in Bcientilic labors related to his profcssiou. It was in 1818 ihat the illustrious 
Duman, then ten yeara of age, entered himself as a cb^rk with Le Buyer, and 
subsequently became bis principal assistant. Besides these Iriendiy connexions 
with Dumas, Lc Uoyer contracted others with Dr. I'revost, taking part in many 
of tbe pbysiolog leal researches of the latter in their chemical bearing. In 1821 
he was adopted as a member of this Society and of the Helvetic Society of 
natural sciences. Tbe departuro of SI. Dumas for Paris, in 18:^3, compelled 
Le Royer (o occupy himself almost exclusively with .pbarmocy, and 1 know not 
that he has puhlisned anything since 1S24. Kuvurthcless, be preserved a taste 
for study, and always cncoumged the scientific labors of those who approached 
him. Like Eticnne Melly, with whom be had more than one trait of conformity, 
an extreme modesty pushed almost to timidity, joined to delicate health, pre- 
vented Lc Royer from making that mark in science to which he migh't have 
pretended. The following is a list of the articles which he published jointly 
with Dr. Prevost : 

I. Note on tlic free acid contained in the stomach of tbc lierhivor^, (Memotrt 
^ t/tc Soeie/i/ of PItyiies and XalurtU HUlory, rol. III. 'id part.) 

S. A memoir on digestion iu the .ruminants, f BUdrotiiegve Unicmdie Jhr 
1824, vol. XX VII. J 
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3. Observations on tlic conteata of the digestive canal in the foetuB of the 
vertebrates, ( Bibliotheque UniierseUe, vol. XXIX.) 

Xiastly, ho published alone in the Bibliotheque Uairertelle, vol, XXVI, a 
' memoir on the active principle contained in the " purple digitalis." 

Having become a valetudinarian in ISfJO, in couscqueDCC of ihenmatic affec- 
tions, Le Boyer was struck, in 1800, with cerebral apoplexy, which kept him 
riveted to hLj chair till the moment of bit) death, a few weeks since, without any 
ootable abatement of his intellectual faculties. 



APPENDIX ON. THE TEICHlKIASia 

We annex the following additional information in respect to Trichiniaaia, 
mentioned iu the preceding article i 

A few months ago there was a festive celebration in Hcttatadt, a small conn- 
try town near the llartz tfountains, in Germany. Upwards of a knndred per- 
BODS set down to an excellent dinner, and having enjoyed themselves more 
najorum, separated, and went to their homes. 

Of these one huiidi-ed and three persons, mostly men in the prime of life, 
eighty-three are now in their graves ; the majority of the twenty survivors lin- 
ger ivith a fearful malady j and a few only walk apparently unscathed among 
Uic living, but in hourly fear of an outbreak of the disease which has earned 
■way such numbers of their fellow-dinera. 

They had all eaten of a poison at that festive hoard, the vimlence of which 
far snrpas^ies the reported ett'ects of aqya iophana, or of the more tangible 
agents described in toxicological text-books. It was not a poison dug out of 
the earth, extracted from plants, or prepared in the laboratory of the chumist. 
it was not a poison administered by design or negligence. Dut it was a poison 
nnknown to all concenied ; and was eaten with the meat in which it was con- 
tained, and of which it formed a living constituent. 

Wbco the festival at llettsCitdt had been finally determined upon, and the 
dinner had been ordered at the hotel, the keeper of the tavern arraiiginl his bill 
of fare. The introduction of the third course, it was set I led, should consist, ns 
ninal in those parts of the country, of Rostrwur^t v»il Gem&sc. The RmU- 
amrtt was, therefore, ordered at the butcher's the necessary number of days 
beforehand, iu order to allow of its being properly smoked. The butcher, on 
his part, went expressly to a neighboring jiroprietor, and bought one of two 
pigs from the steward, who had been commissioned with the transaction by his 
master. It appears, however, that the steward, unfortunately, sold the pig 
which the master'hod not intended to sell, as he did not deem it sufficiently fat 
or well-conditioned. Thus tlie wrong pig was sold, carried on a barrow to the 
batcher, killed and worked up into sausages. The sausages were duly smoked 
and delivci'cd at the hotel. There they were tried and served to the guests at 
the dinner table. 

On the day after the festival, several persons who had participated in the 
dinner were attacked with irritation of the intestines, loss of appetite, great 
prostration and fever. The number of persons nltacked rapidly increased ; and 
great alarm was excited in the first instance by the apprchension of an impend- 
ing epidemic of typhus fever or continued fever, with which the symptoms ob- 
served showed great similarity. Uut when, in some of the cases treated by the 
same physician, the features of the illness began to iniUcate at first, acute peri- 
tonitis, then pneumonia of a eircumsciibed ciiaracter, next paralysis of the inter- 
costal muscles and the muscles iu fro)it of the neck, the hypothesis of septic 
tevCT, though siAtained in other cases, had to be abiiudoned with respect to these 
particular cases. Some unknown poison was now assumed to be at the bottom 
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of the outbreak ; and an active inquiry into all the circnmstancea of the dinner 
was instituted. Every article of food aitd material was subjected to a most 
rigid examination, without any result in the first instance. But whcnihcsymp- 
tone in some of the cases invaded tlie muscles of tbelej^, particularly the calves 
of some of the sufiercrs, the dcscrijition which Zenker had given of a fatal case 
of trichiuQus diecase was remembered. The remuaiita of sausage, and of pork 
employed in its manufacture, were examined with the micrmcope, and found 
to be literally ewarming with encnpsuled trichina. From the saflering muscles 
of several of the victima small pieces were excised, and under the microscope 
found charged with embryonic titchinic in all stages of development. It could 
not be doubted any longer, that as many of the one hundred and three as had 
had partaken of Rotteururst had been infested with trichiuous disease by eating 
of tricliiooUH pork, the paratiites of which bad, at le^st in part, escaped the 
effects of emoking and frying. 

This awful catastrophe awakened sympathy and fear throughout the whole 
of Germany. Most of the leading physiciauH were consulted in the interest of 
the sufferers, and somo visited tlie neighborhood where most of the afflicted 
patJCQts remained. But none could bring relief or cure. With an ob.stinacy 
unsurpassed by any other infectious or parasitic disease, trichiniasis carried ita 
victims to the grave. Many authclmintics were arrayed to destroy, if not the 
worms already in the flesh, at least those yet remaining in the intestinal caoiil. 
Picric acid was employed until its use seemed as dangerous as the disease; 
benzole, which had promised well in experiments upon animals, was tried, but 
was unavailing. As paiient after patient died off, and the dissection of each 
proved the parasites to havo been quite unaffected by the agents employed, the 
conviction v/an impressed upon every mind that a man afflicted with llcah-worm 
is doomed to die the slow death of exhaustion from uenous irritation, fever, and 
loss of muscular power iu parts of the system essential to existence. 

But medical science had only just unravelled a mystery; and if it could not 
eave the victiuis, it was determined at least to turn the occasion to the next 
best account. Tlio cases were therefore observed with care and chronicled 
with skill. All the multifarious features of the parasitic disease were registered 
in sucli a manner that there can hereafter be no difficulty in the diagnosis of 
this disorder. A valuable diagnostic feature was repeatedly observed, namely, 
the appearance of the ilesli-worm under the thin mucous membrane on the 
lower side of the tongue. The natural history of trichina in man waa found to 
be the same as that iti animals. 

All observations ted to the conviction that the trichina encapsuled in the 
flesh is in the condition of puberty. Brought into the stomach, the calcareous 
capsule is digested with the flesh, and the trichina is set free. It probably 
feeds upon the walls of the intestines themselves, for the irritation of the intes- 
tines begins before the bringing forth or young tricbiuEe has taken place. 
Copulation is immediately effected ; and within a few hours, or a short portion 
of days, from sixty to eighty live embryos leave the female, aud begin then 
own career of destruction. 

lliid consists, in the first instance, in an attempt to pierce the walls of the 
intestinal canal. Great infl.immation of the entire suifacc ensues, ending not 
rari'ly in death of the villous or mucous membrane, or in the foimalion of maascs 
of pus on its surface. Sometimes there are bloody stools. But these seiere 
symptoms only ensue when much trichiuous meat has been eaten ; when less 
has been consumed, pain and uneasiness in the abdomen ai'c produced, accom- 
panied, however, in all instances by wasting fever and prostration. The 
embryos actually pierce the iuteetincs, and are found'frec in the effusion, 
eometimes serous, somelimcs purulent, which is always pouipd ont into the* 
abdominal cavity. Thence i they again proceed towards the periphery of the 
body, pierce the peritoneum, causing great irritation, and sometimes peritonitis, 
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to the extent of gluing tbe intestines together to a coherent mass. They next 
proceed to the muBclea nearest to the abdomen ; arrived at the elementary 
mnscnlar fibres, which, under the microscope, appear as long cylinders with 
many transverse strife, they pierce the membranoe, enter the fibres, cat and 
destroy their striated contents, consume a great part of the granular detritus, 
moving up and down in the fibres until grown to the size necessary I'or pausing 
into the quiescent state. They then roll up in spiral or other irregular wiudiugs, 
the bags of the muscular fibres coUapsc, and only where the tricbinie lie a cal- 
careous matter is deposited, perhaps iiy the trichiiiie themselves, which hardens 
into perfect capsules round the parasites. A muscular fibre may harbor one or 
several parasites ; but every fibre invaded by a singht parasite loses its character 
entirely, and becomes a bag of> detritus from one end to the other. 

If it be remembered that one ouace of meat filled with trichiufc may form the 
stock from which in a fuw days three millions of worms may be bred, and that 
these worms will destroy in the courBe of a few weeks not less than two millions 
of striated muscular fibres, an idea of the extent of destruction produced by 
these parasites can be formed, We ore not in a position to say to * hat propor- 
tion of the fifty or sixty pounds of muscle required for the performances of the 
bnman body these two millions of elementary fibres actually amount. In the 
mttscles nearest to the abdomen -the destruction is sometimes so complete that 
noi a fibre free from parasites can be found. This amounts to complete 
paralysis. But death is not always produced by the paralyBi? ; it is mostly 
the result of paralyeis, peritonitis, and irritative fever combined. No case is 
known in which trichiniasis, after having declared itself, became arrested. All 

Sersons affected have either died, or arc in such a state of prostration that tlieir 
eatb is very probable. 
Most educated people in Germany have, in consequence of the H^ttstadt 
tragedy, adopted the law of Moses, and avoid pork in any form. To some of 
the large pig-breeders in Westphalia, who keep as many as two thousand pigs, 
die falling of tlie price of pork has been a ruinous — at the least a serious — ■loss. 
In the diniug-room:< of tho hotels in the neighborhood of Hettstadt notices are 
hung up announcing that pork will not be served in any form in these estab- 
lishments. To counteract this panic, the farmers' chib of the llettstadt district 
gave a dinner, at which no other meat but pork was eaten. But it has had no 
appreciable effect. 'I'lie raw hom and sausages of Germany are doomed to 
extinction ; the smoked and fried sausages must necessarily be avoided. • • 
In the south of Germany some people now say that it is the Hungarian pigs 
which arc most frequently aiFectcd with trichinic. This rumor, like llio famous 
pork dinner of the larmcrs' club, may, however, have been set up with thte iuten- 
tion of quieting apprehension about the native pigs. We have already meutioiied . 
the accident which befell the crew of a merchant vessel. They shipped n pig 
at Valparaiso, and killed it a few days before their arrival at Hamburg. Most 
of the soilors ate of the pork in one form or another. Several were affected 
with trichiuffl and died. Of those whose fate could be inquired into, only one 
secm^ to have escaped the parasites. Another outbreak in Saxony bus carried 
away twelve persons. A fourth wholesale poisoning by tricliiiiie is just reported 
from Offeubacb, the Birmingham of Hesse-Darmstadt. Of upwards of twenty 
, persons infected, three bad already died when our correspondent's letter lett 
Nnmcrous sporadic cases of fever, and epidemics of inscrutable peculiarity, bat 
referred to an anomalous type of fever, are now claimed by medical authors, 
and with much show of reason, to have been outbreaks of trichiniasis, or flesh- 
worm disease. Several German physicians experimentalized with a view of 
finding a euro for this terrible disorder. Professor Eckhardt atOiossen, we 
■re told, has obtained permission to try the disease and snppoHod remedies 
npoa a murderer under sentence of death. We have not been told wbeiher his 
reward in cose of success is to bo a commutation of hia capital ^enteoc^J bat 
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ehonld hope this to be the caee. The experiment, even if it should nnt hare 
the romantic character iudicatcd, trill probably teach same carious details of the 
life of these parasites. Almost eveiywhere the commonest mics of clcanlincBS 
are dieregardeil in the rearing of pigs. Vet pigs are naturally clean animals, 
avoiding, like dogs and cats, all contact with ordare. Though they burrow in 
the earth, and in summer wallow in the mud, they abhor the heaps of cscre- 
menta mixed wiih straw in and upon which they are frequently kept- A dae 
legard to cleanliness will prevent trichinse in the pig. In wild boam, of which 
many are eaten in the country round the Hortz mountains, trichina has ncrcr 
been found. Neither has it been met with in sheep, oxen, or horses. Beef is 
the safest of all descriptions of meat, as no parasites have ever been discovered 
in it. They have also never been found in the blood, brain, or heart of those 
animals in whose striated muscles they lovo to reside. — BnlUh Medical Journal. 
[Lately, the common ground-worm has been found to be infested by trichins, 
one of the probable Bonrces of the infection of swine.] 

The interest excited by this case has induced a more careful inTestisotion 
into the consequences resulting from the imprudent ose of hog's fleeh, and fatal 
cases have been recently reported in tlit« country. It had, indeed, been Ions 
known among men of science that the trichina wa5 oceosionally found incysted 
in the muscles of man in the United States as well as in other countries, but no 
case of death resniting from the presence of the worms is known to have been 
observed till recently. In February, 18G4, "an instance of the poisoning of 
a whole family and the death of ono member caused br eating ham "/infested 
with the trichina was observed by Dr. Schnetter in the city of Kew York.* 
Dr. L. Krombein has since recorded some cases of a fatal nature noticed by 
him in the wfistem part of the State. Having been summoned to attend a man 
and his wife resident in the village of Checkton^a, he found them afflicted 
apparently with '* acute muscuhir rheumatism of a somewhat peculiar charac- 
ter," and was sustained in Ins opinion by the concurrent belief of an associate. 
Dr. Dingier. Ho subsequently surmised that the symptoms might indicate 
trichiniasis ; and the patients having soon afterwards died, a microscopical 
examination by Dr. Krombein, assisted by Dr. Homberger, demonstrated the 
presence of " trichinse both in the incystcd and free state." " The specimen 
of human muscle taken from ono of these cases after death, and also the aau- 
eages eaten of, were examined by Dr. J. R. Lothrop and Professor George 
fiadley under the microscope, and the trichina found in both in great numbers. 
In the muscle the parasite was free, in the sausage incysted." t Other membera 
of the family, attached by the same parasite, were only less uidiappy in escaping 
a fatal end. 

|The foregoing accounts, though they indicate an alarming cause of dioeaae. 
point out a ready means by which the evil may be averted, particularly in the 
great pork marts of this country, namely, inspection by the microscope. It 
will probably be found that the disease is exceedmgly raie, but the assnr- 
ance which the inspection would give of this fact' would be of eufScient import* 
ance to warrant ita adoption. — J. H.J 



* American Medical TimeB, Febrnnrf SO, 1864. 
i BuDolo Medical and Surgical Joariiikl, June, 161 
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INTRODUCTION BY THB SECRETARY OF THB SMITHSONIAN INSTITUTION. 

[Thb interesting investigationa of which we commence in thin article to give 
an account consist of a series of parts originally pablislied in the TranHactinns 
of the BruHsela Academy. A translation of tho first three parts was published , 
in Taylor's Scientific Memoirs ; the remainder has been translntea for this 
Institution, and the whole will be published in this and the next volume of tho 
Smithsonian Annual Reports. The author has devised an ingenious method 
by which a, liquid may he withdrawn, as it were, from the influence of gravity, 
and left free to assume the figure or external form which is produced by tho 
interaction of its own molccnies. The experiments described in the first and 
Kcond parts "f the series have excited much interest, and have frequently been 
presented in popular lectures as precise lUnstralions of the mode of formation 
of Saturn's ring, and almost conclusive proofs of the truth of the hypothesis 
of La Place as to the genesis of the solar system. 

It should, however, be observed that the force in operation in the phenomena 
of the heavenly bodies and that in the experiments of our author ore very dif- 
ferent, and can only give rise to accidental similaritica, and not to identical 
resoltB, Gravity, which is operative in the first case, is the most feeble of all 
known attractions, while its sphere of action 'is indefinitely great. On the 
other hand, molecular attraction, which is operative in the second case, is 
exceedingly energetic, while its sphere of action only extends to the nenrcst 
contiguous particles, and becomes imperceptible at' sensible distances. The 
great power exhibited by tho earth on heavy bodies, near its surface, arises 
from the combined effect of an immense number of attracting atoms. We know 
that the attraction of the whole earth gives to a body near its surface a velocity 
of 32 feet in a second, and by comparing the masses and distances from the 
centre of the earth, and a globe of the same density and a foot in diameter, wo 
can easily calculate the velocitv the latter would give a small body near its eurfiice. 
The velocity thus determined is less than that of an inch in a year. From 
Ibis result wo may infer that small liquid masses, possessed of a slight degree 
of vicidity, would never assume tho form of a globule under tho mere force of 
gravitation. On the other hand, the gieat power of molecular atiraction is 
shown by the energy with which water ia drawn into wood and other porous 
aubstancGs. 
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But the difference of the two forces is still more strikingly exhibited by tbe 
difference of ilicir Hpberes of attraction. In the case of gravitation every atom, 
for cxnmplc, of the earth attracts every other atom of the whole mass, each 
conspiring with all the others to produce tbe spherical form. While under the 
influrncu of molecular attraction the atoms of a liquid globule only acts upon 
the other atoms which are immediately around them ; and hence tbe atoms in 
the interior of a globule are, as it were, in a neutral condition, attracted etjually 
in every direction. Tbe only atoms, therefore, which are active in producing 
the globular forma and in giving rise to the phenomena described in thie 
memoir, arc those at the surface of tbe liquid, since these are only attracted on 
one vide, and are, therefore, free to exert tbeir energy towards the mass, and 
their tendency to bring this into the smallest compass, namely, that of a sphere. 
According to this view a globule of water mny be considered an assemblage of 
atoms, without attraction, compressed into the spherical form by a contractile 
film, within which the atoms are enclosed. The amount of contractile force 
of PUcb a film wilt depend on the enet^y of the attraction between the con- 
tigaous atoms and the degrees of curvature. To illustrate this, let ns suppose 
a slip of India-rubber to be stretched horizontally between two supports. If to 
the middle of tliia wc attach a small weight, the slip will sng downwards, and 
the point to which the weight is attached will descend until there is an equi- 
librium between tbe weight and the contractile force. If an additional weight 
be attached, thc,descent will be increased until a new equilibrium is attained, 
and so on, tbe contractile force will increase with tbe degree of bending. A 
Bimitar foi'ce is exerted at tbe free surface of all liquids. If this purface is hori< 
zontal, ihc attraction will he equal in every direction in the horizontal plane; 
but if at any point wc press the surface so as to bend it out of this plane, tbe 
contrnctile force will he called forth, tending to bring the point hack into its 
former position. It is this surface contractile force which causes a small globule 
of water or mercury, when flattened, to spring hack into the spherical form 
when the compressing force is removed. The more the globule is compressed, 
or ihc greak'r tbe curvature at the circumference, the greater will he tbe resist- 
ance, llciice, also, the smaller the bubble tbe greater will be tbe contractile 
power of its surfaces, and tbe more energetically will it nsRume tbe spherical 
i'onn. This is converse of the action of gravity, the tendency of which to 
produce the globular form will be ihe greater in proportion to the g^reater size, 
and consequently less curvature of tbe surface. 

These remarks will enable tbe reader to comprehend more definitely the 
nature of the phenomena exhibited in tbe following paper. 



FIRST SERIES. 

1. Liquids, being gifted wilh an extreme molecular mobility, yield witb 
fecility to the action of forces which tend to modify tbeir exterior form. But 
amongst these forces there is one which predominates so much over the rest 
that it almost entirely masks their action. This force is gr.ivity; this it is 
which CKUses liquids to assume the form of vessels which contain tlit-m ; and it 
is this, also, which makes smooth and horizontal the portion of their snrlacc 
which remains free. We can scarcely recognize, along the contour of this free 
surface, a alight curve which reveals the action of tbe combined forces of the 
attraction of tbe liquid for itself, and of its adherence for the solid matter of tbo 
vessel. It is only by observing very small liquid masses, upon which the rela,- 
tive action of gravity is thus weakened, that wc can see the influence of other 
forces upon the figure of these masses manifested in a very forcible manner. 
Thus the small drops of liquid, placed upon surfaces which they cai 
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less perfect. Lcitving tlicsc minntc qnantities, 
Bes which have freely tnkcn a certain form, wo 
must qnit the eartli, or rnthnr consider the teirestrial globe itself and tho other 
pkneta aa hiiving been primitively fluid, and Laving adapted their exterior form 
to the combined action of gravitation and centrifugal force. Theory thcu indi- 
cates that tliet^c maj*ses ought to take t^e form of epheroide more or leas flattened' 
in the direction of their axia uf rotation, and observation confirms these deduc- 
tions of theory.* Observation shows us, also, around Saturn, a body of annular 
form, and theory finds, in the combined actions of gravity and centrifugal force, 
means of i>ansfying tJic equilibrinm of that aingular form. 

If, however, we could, Ly some mcan^, withdraw from the action of gravity 
one of the liquid masaea upon which we have to operale, at the samo timo 
leaving it free to be acted upon by other forces which might tend to modify its 
form, and if our process allowed of giving to this mass sufficiently large dimen- 
sions, would it not be very curious to see it take a detennin&te figure, uod to 
see this figure vary in a thousand ways with the forces ou which it depends? 
Now I have succeeded, by nn extremely simple means, in submitting to the 
above conditions a considerable liquid maps. 

2. Fat oils arc, it is known, less dense than water, and moro dense than alco- 
hol. Accordingly, we may make a mixtur(^ of water and alcohol having a den- 
sity precisely equal to that of a given oil^-of olive oil, for example. Now, if 
any quantity of olive oil is introduced into the mixture thus formed, it is evident 
that the action of gravity upon this mass of oil will be completely annihilated ; for, 
in virtue of the equality of density, the oil will onfy hold the place of an equal 
mass of the ambient liquid. On the other hand, the fat oils do not mix with a 
liquor composed of alcohol and water. The massof oil must therefore remain sus- 
pended and isolated in the midst of the surrounding liquid, and it will be pcr- 
Icctly free to take the exterior form which the forces that may act upon it will 
give to it. 

This being supposed, if the molecular attractions of the oil for itself, those of 
the alcoholic mniturc for itself, and those of this mixture for the oil were identi- 
cal, tlicre would be no reason that the mass of oil left in the midst of the arnbient 
liquid should take spontaneously one form more than another, since, relatively 
to all the forces acting upon it, it would be exactly in the same position as an 
equal mass of alcoholic mixture whose place it would occupy. But it is evident 
that this identity between the dilferent attractive forces does not exist, and that 
the attraction of the oil for itself greatly exceeds the two others. The mass of 
oil. therefore, ought to obey this excess of its own attractive forces. 

We thus come to this conclusion, that our mass of oil may be perfectly as- 
similated to a liquid mass without weight, suspended freely in space, and sub- 
mitted to its oAvn proper molecular attractions. Kow, it is clear that such a 
mass must take tbc spherical form. 

Well, experiment confirms all this in a complete manner. The mass of oil, 
whatever its volume, remains, in fact, suspended in the midst of the alcoholic 
liquid, and take* the form of a perfect sphere. 

3. in order to obtain this singular result with. facility, it is necessary to take 
cerbiin precautions, which I will describe. ' 

The first concern the formation of the alcoholic mixture. The density of this 
mixture necessarily varies with the kind of oil which is used. For the olive oil 
which lemploycd, and for the purity of which I cannot vouch, the proper mixture 
marked twenty-two degrees ou the areometer of Bcaumi^. If, therefore, any one 
wishca to nse olive oil, he may always consider the above value as a first approx- 
imation, and, by successive attempts, will bring the liquor at length to the exact 
point which it ongbt to reach. To accomplish this, a test tube is filled with 
ihe liquor, into which a little oil is afterwards poured by means of a long-necked 
fuuncl. which reaches about half way down lite test tube. The oil, on reaching 
14 8 
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the liquor, forma a globule, to wbicli a diameter of aboat twocentunetree* must 
be given, and which a little ehake will detach from the mouth of the fuonel if 
it docB not detach itself. Then, accordingly as this globule falls to the bottom 
of the liquor or rises to its surface, we conclude that the quantity of alcohol of ' 
the mixture is too gi'eat or too small ; we therefore add to this a little ■water ot 
hIcoIioI, takmg cure to stir it well, and recommence the experiment of the test 
tube. The same operations are repeated until the globule of oil remains eae- 
peudt'd in the liquor, without appearing to have a tendency either to fall or rise. 
The mixture may then be considered ae approaching very nearly the desired 
point. I say very nearly, for the globule of oil of the test tube, being of small 
dimensions, has mure difficulty in moving in the liquor than ephcres of a large 
diameter, and it may'seemto be in equilibrium of density with the surrounding 
liquid, wbiUt for a larger volume of oil this equilibrium does not exiat. 

4. When the alcoholic mixture, which I prcsupposo to bo contained in a 
large glass flask of the ordinary form, has attained this point of approximation, 
the next thing is to introduce the mass of oU. For this purpose tht: long-necked 
funnel which has been mentioned above must bo again used, and this mu^t 
reach to a certain depth in th<3 liquor containod in the flask. Letting the funnel 
rest on the neck of the latter, we pour the oil slowly. Then, if the alcoholic 
mixture is by chance exactly in the rcquisiw proportions, the oil forms, at the 
extremity of the neck of the funnel, a sphere, the volume of which increases 
gradually in proportion as we add this last liquid. When the sphere haa at- 
tained the volume we desire, the neck of the funnel is withdrawn with caution ; 
the sphere which adheres to it rises with it toward the surface of the liquor, 
and the oil which it still conttuns is added to the preceding. Lastly, when the 
sphere has nearly reached the surface of the alconolic miittnre, a little sfai^e 
detaches it from the funnel. Ordinarily, howcf cr, the mixture has not so exactljr 
the desired density. We then see, in general, several successive spheres of oil 
formed, which, detaching themselves one after another from the mouth of the 
funnel, fall slowly to the bottom of the flask, or rise to the surface of the alro- 
holic liquor. In this case all these spheres should, in the first'place, be aoit^ 
into one, which is easily done by the following means. We introduce into onn 
of them the end of an iron wire. The adherence which the oil contracts with 
this metal then allows the sphere in question to be easily conducted in the am- 
bient liquid, and to be led to join with a second sphere. f By continuing this 
treatment, we soon succeed in uniting all. Then, according as the whole sphere 
shall remain at the bottom or on the surface of the liquor, add cautiously to the 
latter a certain quantity of water or of alcohol ; and, after liaving corked the 
flai>k, we next turn it several times slowly, and so as not to disunite the sphere 
of oil, until the mixture is well effected, which will take place when we no 
longer perceive any strife in the liquor on looking through it at a window. 
Lastly, the same operation is to be repeated until the sphere of oil is perfectly 
in equilibrium in the surrounding liquor. 

5. If the experiment has been made, as I have enpposed, in a flask of the 
ordinary form, that is to say cylindrical, the mass of oil does not, however, ap-' 
pear exactly spherical ; it is widened in the horizontal direction. Bot this ia 
only an optical illusion, attributable to the form of the flask. The latter, with 
the liquor which it contains, acts in the manner of a cylindrical lens whose axis 

* !5ce tabiB of meosiiToa at the end of (bU volume. 

tin cnler Ihus lo compel two apheree to nnitp, it docs not suffice to put Ihem !□ coBtart 
with ono another. Thay might tuuch for a lonf; time withont miDglincr into one; ooc wonld 
■a; Ihat the; are enveloped in a rutistiDg pellicnle which opposes their anion. It is alio 
DoceGiaTV, iBerefoie, to introduce the citremit}' of the lactnllic wire into the second sphere, as 
if wewiVbedto break Iho partitionwbich separttei the twomssMi. The union is then effected 
immediately. I sbsll reveit to these phenomenB hereafter. .. . 

L.,.„i,.^..„C_i00gle 
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irould be vertical, and entargeB in appearance the homontal dimensionB of the 
object. 

In order eatirely to avoid this illusion, we most use a veeeel of plaiie smooth 
sides, fonned of plates of glass set in a metal frame, (i 8.) We then have, in » 
complete manner, the curions spectacle of a considerable nuuB of liquid present- 
ing the form of a perfect sphere, and imitating, in some measure, a planet bus- 
pendi^ in apac& 

inatead, also, of the above vessel, a glaea balloon may be need, which is more 
imple and less expensive. In this case, indeed, the mass of oil only appears 
in its real figure when it occupies the centre of the balloon ; hot the apparent 
distortion is small, ae long aa the sphere is not -moved considerably irom this 
centre. A vessel of this kind is very convenient for moat of the experiments 
wliich I shall describe in this part of the memoir; but it would not eerve for 
those which I shall have to make known subsequently. 

6. Now, having obtained, by means of the process above detailed, a fine 
iphere of oil well suspended, and presenting, I will suppose, a diameter nf six 
to seven centimetres, we shall observe the following circumstances, which it il 
important to notice before we proceed fhrther : 

in the first place, the equilibrium, previously well established, is soon dis- 
turbed of itself. At the end of a few minutes we see the sphere quit its place, 
and rise with extreme slowness towards the upper part of the ambient liquid. 
If a little alcohol be then added to restore the equilibrium, op treating the mix- 
ture by the process of § 4, this equilibrium is again broken in the same manner 
at the end of a certain time. In fine, it is only by continuing for some days to 
maiutain it by the successive addition of small quantities of alcohol that we 
come to obtain a permanent equiJibrium, which is then no liirther disturbed, 
except by an accidental cause, of which we shall speak in the following para- 
graph. If the temperature does not fall below 18° centigr., the above phenomena 
are the only ones observed ; but sometimes, if the temperature remains below 
that limit, and always, if it is below 15°, another effect is manifested, namely, a 
diminution in the transparency of the oil. 

These phenomena are owing to a gradual chemical action which takee 
place between the oil and the alcoholic mixture. The first of these would he 
very inconvenient in most of the experiments; but, happily, it may be. obvi- 
ated- This can evidently be effected by employing the two liqnids only when 
they have already exerted upon one another all the action of which they are 
capable. The oU and the alcoholic mixture which I .used are now inert with 
regard to one another, because, having been employed a great number of times, 
they have had dme to exercise the whole -of their mntuid action. Besides, it is 
easy, in a abort time, to bring the two liquids to that state of relative neu- 
trality, by agitating them together in order to divide the oil, and thus to 
accelerate the action, then aeparating them by a suitable process. This opera- 
tion requires some precautions, which we sheill examine in § 24, in order not to 
interrupt the course of the memoir by det^s which are not now indispensable. 
In all that follows we shall always suppose that two liquids thus prepared are 
employed. 

7. Another cause disturbs the equilibrium between the sphere of oil and the 
ambient liquid. This is the variations of temperature, which alter the equality 
of the two densities; and the degree of sensibility of such a system in Uiis re- 
spect would hardly be conceived. For example, when the vessel is carried 
mto a room a little wanner or colder than that in which it bad been before, the 
sphere soon falls in the first ease and rises in the second. On the mere appli- 
cation of the hands to the outside of the vessel, it will be seen, after a few sec- 
onds, that the sphere begins to fall. 

We must be continually on our guard against these effecta of temperature; 
otherwise, they disturb the experiments. The following is a recent instance 
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irhich occurred to me. The oil and tbc alcoholic liquor were enclosed in dif- 
ferent flasks, and the latter contained a very slight cxcopp of nicoliol. HiiTing, 
by chance, carried thcfc two flasks into a room warmer ihan that in which they 
liad been, I firet introduced into the mixture a certain quantity of oil. which, by 
reason of the slight excess of alcohol, descended slowly to the bottom of tM 
flaBk. A short time afterwards 1 poured in another quantity of oil, and I was 
BDrpriscd to see this, on the contrary, rise towards the npppr part of tho mix- 
ture. The reason of the singular difl"erence was this: the alcoholic miitaro 
inclosed in one of the flasks was very considerable in quantity relatively to the 
oil which the other contained. Now, at the first moment the liquids, not 
having sensibly changed their temperature, maintained between them the same 
relation of density; but after a short time the oil, by reason of its small volume, 
having become warmer than the alcoholic mixture, had thus become relatively 
lighter. The warmth of the hand which held the flask in pouring out the oil 
must have also contributed to the effect in question. 

8. Now let U3 suppose n. fine sphere of oil in permanent equilibrium in the 
Burrounding liquid, and let us endeavor to submit it to other forces than its 

The first idea which presents itself is to try the action of centrifugal force. 
For this purpose it is necessary to impress on the sphere of oil a movement of 
rotation around one of its diameters, and which is effected by introducing into 
this sphere a small metallic disc, which is made to turn upon itself by means 
of an aiis which traverses it perpendicularly. This disc carries the oil with it 
by its adherence, and the whole mass of this liquid lakes a movement of rotation. 

Before uxplajning the effects which result from this movement. I shall dec^cribe 
in detail the apparatus I have employed — an apparatus by the aid of which all 
the experiments succeeded perfectly and with the greatest facility. It ia rep- 
resented in fig. 1. 

Fig.l. 




The vessel is with plane sides, formed of rectangular plates of glass set in 
an iron frame; the sides are each 25 centimetres bruud and 20 high. The 
small disc and its axis are also of iron, a metal whose prolonged contact with 
oil docs not stain it as copper docs. The diameter of the disc is about 36 milli- 
metres, and the axis is formed of an iron wire about Ij miljimetro thick. Tliia 
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#113 is fixed by its lower end iqto a holo pierced in tbe middle of tlie plate of 
glass which forma tlic bottom of the ve^acl. This hole is closed below by a 
pmall plate of iron cemented to the ^lass. The upper end of (he axis is screwed 
to a larger wire, which forms the prolongation of it, and which, held with a 
moderate degree of friction, [aJroUemeytt lioux,] in a piece of which. I k hall speak 
bereafter, receives at ils oilier extremity ihe handle by means of which the disc 
in turned. When the whole pyslera is in place tlie disc ought to he half way 
op the vessel. The square plale of glass wliich clo.'ca the vessel above is 
pieced with two openings, each fnmished with an iron neck, which is dobed 
wiih a stopper of (he same metal. One of these openings is in the middle of 
the plate, and iie diameter is 65 miUimetres! It is through the stopper which 
closes it that the rod passes, A frotlement doux, which receives on the one side 
Ihaaxia of the diec, Bad on tko other the handle. (Sec figure 2.) The other 

Fig. 2. 




opening is smaller, and is placed near one of the angles of the plate. It serves 
for introdncing into the vessel cither the metallic wire, by the aid of which we 
unite tLe partial masses of oil. or additional portions of alcohol, or of mixture at 
another degree, {% 9,) &c., when these operalions arc to be performed without 
removing the disc from its place. Lastly, this same plate is cemented intb an 
iron frame, which. Is turned up all round, so as to fit upon a vessel as a lid upon 
a box. The upper edges of tho vessel have been ground with emery all to- 
gether, after their being placed in tho frame, eo that the upper plate of glass fits 
exactly upon them; and by rubbing these edges and the metallic stoppers with 
a little oil, the vessel, when the plate and stoppers have been placed, may be 
considered as perfectly closed and keeping tho mixture wiihout evaporation of 
alcohol. 

In my apparatus the plates of glass arc fixed to the metallic framing by a 
resinous cement, and this is slightly attacked by the alcoholic mixture. It 
would perhaps be better to use some glazier's putty; for ihc alcoholic mixture, 
being prepared so as not to act any more upon the oil, (§5.6 and 24,) this latter 
cement would probably not suffer any alteration. However, the resinous mastic 
resista to snch a degree, that I have been able to leave the alcoholic liquor, 
without inconvenience, in the vessel for whole months. 

The apparatus which I have just described ie the best suited for obtaining, 



' in all their beauty, the phenomena, which are the objects of ihese esp< 
but, as I ha^■c said above, a hollow sphere of glass of pretty large di 
might be used with less cost, and without too much disadvantage, at least for 
the experiments treated of in this part of the memoir. This ought to be fur- 
nished with two tubular openings, one of which would serve for introducing the 
system of the diae, and the other would effect the same object as tho second 
openitig of which we have spoken above. 

I shall, however, in what follows, suppose all ^long that the plane-eided vee- 
iel above described is the one employed. (' ",■,,■., 1 1, > 

Digilizec :jy V-iUOy It 
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9. The apparatas being properly airaDged, the next thing is to operate eo as 
to canee a sphere of oil to surround the disc in such manner that their two 
centres are sensibly coincident. To attain this point, let ns first endeavor, be- 
fore introducing the disc into the Tessel, to bring the centre of tlic sphere to 
lemain at the height at which that of the disc should be. It would be extremely 
difficult to a(;complish this by suspending a sphere in a homot^cncoos alcoholic 
mixtnrr, OS we have liilherto supposed ; for then there is no reason whj' the 
sphere should not stand higher or lower ; and, if even by chance it were placed 
exactly at the desired height, the movements which would be prodnccd on in- 
troduc^ug the disc would very probably change this height. It is, therefore, 
necessary to employ a more sure process, and the following succeeded perfectly. 
We begin by causing the alcoholic misturo to contain a small excess of alcohol. 
Then, the vessel being furnished with its lid, qnd the stopper which closes tlie 
central opening being lifted up, the mixture ia introduced by this opening in 
such quantity that the vessel te not completely filled. A certain quantity of 
a mixture, less charged with alcohol, and marking only 16° on the areometer 
of Beaum6. is then cautiously added. This, from its excess of density, foils to 
the bottom of the vessel, where it spreads itself in a horizoulaJ layer. The oil 
is then introduced, which, by reason of the small excess of alcohol contained in 
lixture, descends through the latter till it rests upon the denser layer 

_. r mixture, either iu a single mass or in several partial masses (§ 4.) 

This- being so, we unite, if the case requires it, the isolated spheres into a sia- 
gle one ; then we stir the liquor cautiously with a glass rod, so as to mix im- 
perfectly the layer at the bottom with the higher layers, but without dividing 
the mass of oil, and the system is then left to rest. It wilt be seen that there 
must hence result in the alcoholic liquor a state of density increasing from the 
upper layers of less density to the lower of greater density than, that of the 
oil ; and that, in consequence, the mass of oil will nccct^sarily remain in stable 
equilibrium with respect to the vertical direction, in a certain layer whose mean 
density is equal to its own. Now, in performing the operation with the neces- 
sary precautions — that is to say by stirring the liquid only a very little, then 
leaving it to rest to observe the effect which results, again stirring it and leaving 
it to rest, and so on ;■ lastly adding, if necessary, a small portion of mixture at 
16°, or olT pure alcohol, according to circumstances, we easily soccccd in causing 
the mass of oil to remain exactly at the desired height, and, as we have seen, 
without tendency to a change of position in the vertical direction.* In geome- 
trical strictness, truly, this mass of oil cannot then bo any longer perfectly 
spherical ; it must be flattened a little in the vertical direction; but, if we have 
operated so that the increase of the densities is very feeble at the height at 
which the oil stauds — and wc easily obtain that result by suitable trials — the 
flattening in question is completely insenaible to the eye, and the mass appears 
exactly sphencal. 

For the experiments which wc have to describe, the most convenient diameter 
to give to the sphere of oil is about 6 centimetres. We easily accomplish this 
by first forming a less sphere, and adding successively fresh portions of oil, 
which we unite with the first. 

The next thing is to place the disc. This being attached by its axis to the 
rod which passes through the metallic stopper, (§ 8,) we begin by oiling it as 
jrell as the axis, then introduce it slowly into the alcoholic liquid, and canse it 
to penetrate by its edge into the sphere of oil. As the disc has previoaely 
been oiled, the sphere envelopes it without^ difficulty, and, what is remarkable, 

* Tlic difTbrent liqnid taveiR thus aupeqxMed tend of tbenuelvea, it is trae, to mix ; but, a» 
tlie.T are placed in tbe order of their deaajtiea, this BpoDtaaeous miitare proceeds 0&I7 with 
ettreoie BlonncsB, and it reqaires ft great mauj daja for the liquor to become bomoMnooiu. 
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graduallj of itaelf assumes sucli a position that the axis of the disc traverses it 
diametrically. This effect is eVidcntlj- owin^ to the attractive action of this 
axis, or rather of the coating of oil with wliich it has been maistcaed — an 
action which teada to operate in a aymmetricol manner all around it, and thus 
brings the entire sphere of oil into a position aymmetrical with resjicct to ihis 
same axis. Kow it will be seen that the centre of the sphere tending, on the 
one hand, to remain at the height of that of the disc, on account of the super- 
position of the alcoholic layers of unequal density, and, on the other hand, to 
place itself in the axis of the disc, on account of the symmetry of the 
attractive actions exerted by the latter upon the oil, the centre of the sphui'C 
and that of the disc will coincide, and will thus remain in n fixed position. 
Only the sphere will then be slightly elongated in the vertical direction by the 
attraction of the axis of the di»c ; but this elongation is very trifling if th£ 
sphere present, as wo have supposed, a diameter of C centimetre^. 

10. The sphere of oil being thus suitably placed, we slowly turn the handle. 
"Wc then presently see the sphere ^fi//m at ilspolca and aiccll out at its equator, 
and we thus realize on a small scale an eficct which is admitted to have taken 
place in the planets. 

However, although the results may be of the same nature in the case of the 
great plauetary mosaea and in that of oiti- little masses of oil, 1 must uot omit 
to remark here that there is an essential difference between the forces which are 
in play in the two cases. In thcfiii»t, the force which tends to give to the great 
planetary mass a spherical figure, and against which the centiifugal force acts, 
is universal attraction ; in the second, the force which acts the same part with 
regard to the small moss of oil, is molecular attraction, which is subject to 
different laws. But as, oa cither hand, the aggregate of the actions reduces 
itself to a eontost between centrifugal force and another force tending to pre- 
serve the spherical form of the liquid mass, it appears that the results must be 
analogous, if uot identical, with respect to t\A figure which that mass assumes. 

[This, we do not think, is quite correct. The forces which produce the equi- 
librium of the ring are as follows : First. The centrifugal force which tends 
to throw the atoms from the centre of motion. Second. The force developed 
by the external and internal horizontal curvatures, the direction of which is to- 
nards the centre. Third. The force developed by the external and internal 
vertical curvatures, one of "which acts towards the centi-e, and the other fi:om 
the centre. The roundness of the ring is caused by the combined action of the 
external and internal curvatures, which, under no circumstances of velocity of 
rotation, would produce a flattened riug — J. H.) 

In order to observe, in all its beauty, the phenomenon on which we arc en- 
gaged, the handle must, at first, be turned witli very little velocity — a turn in 
five or six seconds. The efl'ects are even then very decided.* If we iiAer- 
wards apply a somewhat greater velocity — for example, a turn in four seconds — 
the flattening at' the axis, and the swelling at the equator, arc seen to be more 
coDBiderablc, and they are further augmented \>y increaaiug the velocity of the 
handle to one turn in three seconds. Before proceeding further we may remark 
that, in these experiments, the handle must not be turneil too long, fur the mass 
of oil which, in the first moments, presents exactly a figure of revolution, 
eveotually loses this form. At each fresh trial, therefore, the system must bo 
left to repose. The oil then resumes its spherical form, and slowly, of itself, 
replaces itself in the proper position. The change of form which supcrv 
' ' " . " "lularl 



when too many turns are given to the disc occasions resultsof a particular kind. 
and which are uot without interest. I shall speak of them by-and-by, {§ 22.) 

11. Now, if instead of moving the handle slowly a considerable velocity is 
given to it, as two or three tui-os in a eccond, new, and very curious, phc- 

DigmzecDv Google 
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nomena are manifested. The liquid sphere first takes rapidly its mnximiiiii 
of flattening, then becomes boMow above and below 
^' aronnd the aiis of rotation, stretching oat contiDually 

in a horizontal direction, and, finally abandoning the 
disc, is tran^formei into a perjeclly regular ring, 
(6e 3) 
1 This ring ia rounded transversely, and appears to have 
F a circle for its generatrix. At the moment of ita form- 
ation its diameter increases rapidly up to a certain limit ; 
when this is reached the movement of the disc must be 
stopped. The ring now remains for some seconds in 
the same state. Ihcn, the resistance of the ambient 
liquid weakening its movement of rotation, it returns upon itself and changes 
back into a sphere around the disc and its axis. 

The velocity of the handle most suitable for producing a beautiful ring, is 
about three tarns per second. The ring thus obtained baa a mean diameter of 
9 to 10 centimetres. 

12. When, at the instant of the formation of the ring, the maes of oil which 
constitutes it separates from the disc, a singular cireuma tan ce \% obi^er\-ablc ; tho 
ring remains unit^ to the disc by an extremely thin pellicle or film of oil, 
which fills all tlie fpacc between tbem. But at the instant Ih at, the ring having 
reached its greatest extent, we stop the motion of the disc, this pellicle breaks 
and disappears of itself, and the ring then remains perfectly isolated. 

It may be conceived that this pellicle is not a circumstance essential to the 
phenomenon of the formation of the ring ; and we shall see, in another port of 
tkette exi)eriments, that it is probably connected witli an order of facts wholly 
difforcnt. 

13. The heavens exhibit to u^also a body of a form analogous to our liquid 
ring. I allude to Saturn's riug. That, indeed, is flattened, whilst the trans- 
verse contour of ours appears altogether round ; but I do not think that this dif- 
ference is so great as it appears at first. 

In fitct, the centrifugal force, which goes on increasing from the inner cir- 
oiimferenee of the ring of oil up 16 its outer ciretmiferetiee, necessarily tends 
to stretch this ring in the direction of its breadth, or, in other words, to flatten it. 
But the flattening must be of very small amount ; for, on account of the in- 
considerable dimensions of the ring, aud the slowness of its angular movement, 
the kind of traction which results from the variation of centriliigaJ tbrec must 
bo very trifling in comparison with the forces developed by molecular attrac- 

14. It appears to me, then, tli.it wc may reasonably admit that our ring of 
oil is in reality slightly flattened, and that in consequence it only difl'ers from 
tlntl of Saturn, with regard to general form, in the less quantity of flattening.* 
Bui further, in the system of Sainm, the flattening of the ring is in part deter- 
mined by ihc attraction of the central planet. Xoiv, at the first moment of 
tW fonuiitiou of the ruig of oil; the latter is submitted to a particular force, 
mhieii plays a part nimlogous to that of the above attraction. In fact, this 
(kClvtu-liou act.* with the grciitest intensity nt the inner circumference of Saturn's 
»i"„-. and llience decrejises nipidly in the rest of this body. \ow, nt the first 
(ti,':i'vul of ihi- formation of the ring of oil. wc have seen (§ li) that the laUer 
IV iiMVLis nnit.d to the disc hy a thin film of the same liquid, and we may con- 
\ ■„■ ouvfilves that this film exerts, on the inner circumference of the riug, 

I o \<.\-A'V- force of traction. In fact, if we Blop tlie movement of the ditfc 

, ' \ u». (^^'l'n, that is to siiy a little before the ring has reached its mazimtim 

• ) ,,,.!■ ."" ,.| iKMiinviiflu h*r(i ihc RubdWision of ilic rinpof SBiiini. This subdivision, 
. ,',.,..,1, ■.. uv>i i^M'Uiially conocoled with Ihocoodiiionsof equilibrium of tboring. 
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of diameter, the film of oil docs not break, and the ring then retnmB npoB 
itself (§ 11) with a much greater rapidity than wlien the film of oil \n broken, 
and the ring remainx isolated. The traction which the film of oil cserta on the 
inner circumference of the ring ought thcrafore to produce an effect analogoua 
to that of the attraction of Saturn, that is to say, contribute to increase the 
flattening. Well, the rbg of oil before the rupture of the film presents a very 
marked tlatlcning. In order to obtain it perfectly, care must be taken that the 
gphcrc be well centred in relation to the diac. befoi-e beginning the experiment; 
and it id necful to turn the handle with a velocity i^ome what less than that 
indicated at § 11 ; the most auilnblu velocity has appcai-cd to me to be about two 
toTDB in a second. As soon as the film of oil breaks the (tuitoniiig disappears, 
and the generatrix of the ring becomes, as we have seen, sensibly circiilnr.* 

15. Geometricians, who have investigated the figure of equilibrium of a liquid 
mass in rotation, have only regarded the case in which the attraction which 
counteracts the centrifugal force is tliut of univenial gmvitution, und they liave 
demonstrated that cUipticul figures in that case salisl'y lliiu equilibrium. Are 
ve thence to conclude tliat the anDuhtr form develujiod by the rotation of our 
mass of oil i-esults from the diffei'cnl law which governs molecular attraction, 
(§ 10,) and that, in the instance of the heavenly bodien, the figure of an iso- 
lated ring could not be produced by the sole cuiuhiniitiuu of centrifugal force and 
of the mutual attractions of the different parts uf [he mass ? I am not of that 
opinion, and i think it, on the contrary, very probable limt if calculation could 
approach the general solution of this great pi*ohlcm, and lead directly to the 
determination of all the possible figures of cquilibriuni, the annular figure 
would be included among them. This general and direct solution presenting 
very great difficulties, geometricians have contented thcmEcIves with trying 
whetlier elliptical figures conid satisfy the equilibrium, and with proving that 
they in iact do satisfy it ; but they leave the question in doubt, whether other 
figures would not fulfil the same conditions. In truth, M. Liouville, in his 
last researches on this subject,! appeal's at first view to have nearly solved 
the question, by introducing the consideration of the stability of tlie fignre of 
equiiihrium, and showing that for each value of the momcut of rotation, or, in 
other words, for any initial movement, whatever, of tbe mass, there is always 
an cUipttcal figure, cither of revolution or of three unequal axes, according to 

• I Lttd thought that it would bo possible to obtain rings isolntfj nnd eTcal]y flattened bj 

Tiating upon larger masses of oif, for tben, tbo ring Laving a larger voiiimG, Ibo inllncncs 
Lbe tnole(^ular attraction abonlU bo less. Itut 1 liavo found lliiil, in operating on large) 
maeees, ii was neccsearj, in order to obtain Ibo ring^ in a regular manner, lo employ a more 
f«eb1c velocily of rolalion, so that, it' Ibo influence of llio molucnliiraNnicIion was dimlnisUcd, 



.0 rcprodti^ 
IB whicb were, Euccessivclj^, about 1(1, 1 1, 13, and 

., „ jl adianielor of rromgovon (o nine ccntimolrea, and in 

■ Teasel with piano Nurfaccs, having a bol loin Uj ccalimoties nqiioro.aud a depth of 25 centi- 
taelres. The effects, boxvcKT, tbuH obtained aro very beauliful. Tlio ritigF< aio magnlfiecnti 
DRsent a considcrabln diameter, and remain somelimes for eight lo ten Kerouds bclbre relum- 
Wsu tbemsetvea. With a apbero oftoaecntimetrcsdiamGler, adiscorsevcD, and avotocitjr 
•TkiIc less (bna one tarn of ibe disc per second, wo obtain, in a very beantil'ul and vtrf 
marked manner, Ibo flattening lesulling fium tie uoetion of Ibo film ol oil. 

ThesB eiptrimeuts, however, aro inconvenicnl and difficult, on account of Ibo largo dimen- 
nonsof (he vessel, and tbe great qnantit; of alcoholic liquid necessary lolill it. 

It may bo conceived, moreover, why a larger mass of oil roqaircs a lees velocity of rotation 
la produce a rcguiar rinc- It la precisely because the molecular atiraclioii has lass influoaca; 
whence, it resulta that, if wo attempt lo employ tbe same velocity of rotation ivbicb would 
given beautiful ringwilh a less quantity of oil, the mass disunites, and is scattered into 

■pbNTltoB. 

tThc memoir of M. Lionville was commanicstcd to tbo Academy of Sciences in Ibe sitting 
of liie l:lih of Fetuuary in Ibis year. An analysis of it may bo found in the Jonmal L'ht- 

•*«"'^""'- _,, .Gooylc 
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proportion ns the rotatory motioD bccomce weaker.* Thne, tbo difference of 
tlie laws which govern the two Borts of attraction appears not tu ioduenco tho 
nature of tlie figure taken by tlic maaa that turns upon itself. 

19. A liquid maae can only assume and prceerve an annular form under the 
influence of a sufiiciunt centrifugal force. Thus, as wo have seen, when the 
reaiatancc of the alcoholic liquid has diminished below a certain limit the velocity 
of rotation of the ring of oil, the latter, obeying the preponderating action of the 
molecular at traction ^return 3 npon itaelf. loues its annular form, and reconstitutes 
itself into an entire mass, first ellipsoidal and then spherical. But if, by & 
method which I shall describe, we prevent the ring from agglomerating thus, 
and still leave the action of its centrifugal force to diminish, we then witness 
the appearance of other phenomena well meriting interest. In order to produce 
them perfectly, in place of the disc of 35 millimetrea, a disc of about 5 centime 

* I had oipcctcd ta be able to obtain n revolving isolnted massbymeanBoranotbeTprocsas, 
Viz : bj forming a spUiro of oil in tbe middle of a cylindrical flaak so arraugrd aa to bo able 
to turn upon iia axis ; tiiea I'liusing tbis flask tbus (o lum witli rapidity, nutil M tbo liquid 
witliin, Hlcabolic mixture and mass of oil, bod taken tbe same motloD i t ben Guddcnly stop- 
ping Ibo flauk. lu cfTurt, it sreuis tbat then the alcoholic liquor' being the first to lose ita 
rotatory motion by ths IViction asaiast the stationary siJca of the flask, a moment uiiut 
occur when Iho mass of oil mainlains no excess of augalor velocity over tbe ambient liquid, 
and tbal then tho efTecis of ccDlrifuEpal force ujmii tbat moss may mnnifiiat themselves. Dot 
the eijicrimcnt gives few results. FirKi, it is exlreuicly difBcitIt to keep a mass of oil in tbe 
middle of tbe Sank. Wo keep It tolerably in the axis of the latter, because, if we have suc- 
cedod in placing it so tbat ita CGntro is Iktlo removed from Ibat axis, the rotation of the am- 
bient liquid brines it there, and then retains it there very well. But it is not tho same in tbe 
direction of the Lciglit of tbo dusk. If a bomogcueous alcoholic mixture be employed, and 
tho sphere of oil is placed, bct'oio tnmiug tbo flo^k, a little bigbor or lower than tbe middle of 
the beight of tbe latt«r, it quits its place wbcn Iba flask turns to ascend, in the first case, or 
to dceccad, in the second, until it conies to be dispersed against one of the two bases of tbe 
flask. This effect ia attribuiablo, I tbink, to tbo fiiot that the two Imscs exercising upon the 
sections of liquid which touch them a motive action muck greater than that to which tho 
parallel sections of tbo interior of Ibo mass are subjected, there cnsuea near these bases, at 
the commencement of tbo rotation, on excess of contriAigal force which deleimlDes a ten- 
dency upwards and downwards of the liquid near tbe axis. It is therefore neceasaiy to er 

J .. _!___ ■•-)gp{„;fo of oil In a pi>skion •- ■"-- ---'■"- -'" •■■- '■.■._i.. _r .. 

itely wo euJinot use lur this i 
nequal deneily, (i 0;) fur ti 
necessarily, by the excess of 

_. [iso against tiiosides, causiuj, , ,, . 

in tbis movement tho inoae of oil la drawn downwards, and is also dispersed upon tbo bottom 
of tho vessel. 

By employing a homogeneous alcoholic mixture nnd a sphere of oil of only abont tfaree 
ceniimclrcii diameter, I however sncceeded several limes, by diut of patience, in gtving to 
this sphora a sufficiently exact [rasitian in tho flask to be able to keep it at tbo same height 
until it bad itHcIf taken the rotatory movement of the whole system. But then, when I 
slop|ied the flask, a violent intenial ngitaliuu was prodiicc<l, which almost always dispersed 
tbe oil in inuumciable spiieniles throughout tho alcoholic liquid, or at lea-sl destroyed its form 
In a completely irregular manner. I attribute these effivts to tbe following caose. When 
tbo flask IS stopped, tho portions of tho alcoholic liquid which touch the sides and bases, losing 
first their cemiifngal foice, tho uioro iutomal portions, which still retain Ibeirs, make Ibeir 
way through llieui, dividing them, and this confusion is soou prop^atcd to the axis, nbero 
it elves rise eillier to the dispersion or to tbe iirpgutar disfiguring of the mass of oil- 
In the coses in which I have lieen able to^vo a suitable position to tho sphere of oil, I 
have obscn-ed a curious eflcct > namely, tbat lu tbe first instanco of the rotation of tho vessel 
tho moss of oil quits the Bpboricul form, and becomes etougated 'in the diiection of the axis 
of rotation. This olonfjnliou is easy explained ; tho movcmeut of rotiitinn is communicated 
to the portions of tho mixture wbkh are nearest the axis above and below tho mass of oil, 
before being able to communicato itsolf with the same intensity to the hutcr.: bonce, ia tbe 
diSbront points of this mass, there must lesutt a less centiifugal force than in tbo points of 
the nleoholic mixture siluutod at the same distances from tho axis of rolalion. Thence a msti 
of tbe oil to tlio axis, aod an eloogntloo of the moss of the latter in (be dircciioa of tbis some 
axis. Itut, on continuing tho rotation, tbo oil comes to receive tlie same movement as the 
■urronndin(f liquid, aud it also resumes gradually the spherical form. 

On Bloppmg thtfflask, uot suddenly, but in a rather rapid manner, I succeeded once in 
ohlainiuf; a result sufGeieutly regular, and I observed, ss I expected, tho sphere become e-V 
louod coDsidotahly in tho dkection of tho axis of rotation. 
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tK% waB snbstitiited *, wbich renders necessajy, in order to form the ring well, 
a )esa velocity of rotation than with the preceding disc, (tlie mo?t suitnhle ap- 
penrs to me to be a Httlo less than two turns in n second.) Now, instead of 
■topping ibe movemt^nt of the disc at the instant wbnn tbc ring has attained its 
greatest development, we must continue to move the handle. The film of oil 
will then break in a little time, ns if the disc had been stopped ; but, the latter 
continuing to revolve in the alcoholic liqnor, the portions of that liquor which 
arc in contact with it will themBelves assume a rotator; movemcnl, and the 
tonirifugal force which results from it will drive them continually towards the 
ring, so that the latter will not bo able to return upon itKcIf. Now, in these 
circnmetances, we soon see the ring lose its regularity, then divide into several 
isolated musses, each of wbich immediately takes the spherical form. Thus tbo 
ring, when it cannot preserve its figure on account of the decrease of tis cen- 
trifugal force, and an obstacle prevents its reforming itself into a single sphere, 
resolved itself into several isolated spheres. As soon as tbo separation begins 
to take place, the movement of the disc must bo stopped. 

This is not all : one or more of these spheres arc then almost always seen 
to assume, at the instant of their formation, a movement of rotation npon them- 
selved — a movement which constantly takes place in the same direction as that 
of the ringi Moreover, as the ring, at the instant of its rupture, had still a re- 
mainder of velocity, the spheres to wbich it has given birth lend lo fly oft" at it 
tangent ; but as, on the other side, the disc, turning in the alcoholic liquor, bat) 
impressed on this a movement of rotation, the spheres are especially carried 
along by this last movement, and revolve for some time around thcdisc. Those 
which revolve at the same time upon themselves consequently then present the 
carious spectacle of planets revolving at tbc same time on themselves and in 
their orbit. The movement of rotation of these masses is. however, too slow, in 
relation to their diameter, to cause any sensible flattening. Finally, another 
very curioua effect is also manifested in these circumstances. Besides three or 
four laige spheres into which the ring resolves itself, ithere are almost alnajs 
produced one or two very small ones, which may thus be compared (o salell tes 
The experiment which we have just described, presenis, as we see an imago 
in miniature of the formation of the planets, according to the hj p [lesis of 
Laplace, by the rupture of the cosmicol rings atlributahle to the condensation 
of the solar atmosphere. 

20. When some oil is introduced into a mixture containing a little excess of 
alcohol, a phenomenon is observable, which is connected with that of the pcao? 
lution of the ring into isolated spheres. If the oil be poni-cd in with sufficient 
rapidity it forms a long cyliudrical train, extending from the beak of the funnel 
to tlic bottom of the vessel, whfre the mass gathers. Now, this kind of tail, 
which connects tbc mass of oil with the beak of the funneli remains as long aa 
thu oil which forms it has a sufBcieutly rapid movement of tran^-hition — that is 
to t&y, as long as we continue to pour; hnt, as soon as we cease to pour out, 
and the movement of translation is slackened, the train of oil is instantly re- 
Mlved into several isolated spherules. 

SI. The formation of a ring analogous to that of Saturn naturally inspires 
the desire to carry further the resemblance to the system of that planet, and to 
seek, whether, by some modification of our experiment, it would not be possible 
lo contrive so that a sphere of oil should remaia in the middle of the ring. Now, 
I have succeeded in producing this effect, by means of a process which I shall 
proceed to describe ; only that this experiment must bo regarded merely as a acien- 
tificsport, for thecircumBtanccB which give rise to the rcsulthaveevidenily no anal-. 
(^ with those wbich can havcoccasionedtheconfiguratiouoftbesystemof Saturn. 

'This 9ub<itilation ts Bccomptished bj detacluDg tbo upper end of the mis of Ibc first i'lao 
^m Ibc lar^ wire which posses through the metallic stopper (( 6,) and ecrewiug in its 
place the «nd of the axis of the new disc. 
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It is firet ncceaaary to be able to give to the diac a considerable velocity of 
rotation. To do tliia, we adapt to the upper part of the resBel a eyBtem of tww 
pulleys — one email, and fiied on to tlie prolongation of the axia of the diec at 
the place of the halidJe, which ia taken away ; the other larger, and to the axia 
of which the Bame handle is attached. In my apparatus the diameters of the 
two pulleys are, respectively, 12 and 75 millimetres. In the eecond place, the 
' diameter of the ephcro being always nearly six centimetres, that of the disc 
should be only two centimetrcB. Lastly, the disc sbonld not have, as in the 

Ereceeding experiments, its centre coinciding with that of the sphere. It should 
placed lower, toward the inferior part of the latter. 
Matters being thus arranged, the handle is turned with a Telocity which ex- 
perience soon enables us to determine. In my apparatus this velocity ought to be 
about two turns and a half per second, which nearly corresponds to fifteen tarns 
of the disc in the same time. We then see, in general, a ring rapidly formfd, 
which extends itself, leaving in its centre a mass of oil, to which it remains 
united by a thin pellicle. At the instant when the ring has attained a safficient 
development, (and by habit alone can this be correctly learned,) the rotation is 
suddenly stopped. The pellicle then breaks, the ring remains completely iso- 
lated, and the central mass forma into a sphere. We have thus, during some 
instants, a curious repteaentation of the system of Saturn, except the flattening 
of the ring. The ring returns rapidly, afterwards, upon itaelf, and is again 
united to the central sphere. This experiment docs not offer any groat £ffi- 
cnUies. It requires, however, some skill to succeed perfectly,* 

32. In describing (§ 10) the experiment in which the flattening of the sphere Is 
effected by the immediate action of the diec, I have remarked that the movement 
of the latter should not be continued too long, because the mass of oil then 
comes to lose its form. Now, if we continue, nevertheless, to turn the handle, 
with a view to observe the results of this disfigurement, we see manifested new 
and very capricious effects. 

The sphere being welt centred with relation to the disc, if we give velocitiea 
of one turn in six, five or four seconds to >he latter, we begin, after seven or 
eight turns, to see the mass of oil elongate itself horizontally in one direction, 
taking a form which rescmblea much an ellipsoid of three axfes ; and, what ia 
more singular, this kind of ellipsoid is placed in an eccentric manner with rela- 
tion to the axis of rotation. Figure 4 represents, for a velocity of a turn in 



^o(b 



four seconds, the mass viewed from three different sides ; that is to say, from 
above and in the two lateral dircctioas of the smallest and of the largest hori- 
zontal axi« : the dotted parts indicate the positions of the disc and of the axis of 
rotation. Thcaspectofthemassscenfromabove shows ihatit is slightly bent inone 
direction ; but this effect is evidently owing to the resistance of the ambient liquid. 
Wheu once the mass has taken thia form, it preserves it indefinitely as long 
'as the movement of the disc continues ; it continues to revolve eccentrically 



• On comninnicating tbU very eiperiinent lo the academy, In the sitting of April, 1842, 
(«eo Iho ilulletins,} 1 stated that it was necessorj to vary tbe volocitT of rotation. I havQ 



shiw foand that, luviog adopted a 



velocity, it was best to ki 
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tonnd the latter, and with a velocity mach less than that of this diec. This 
inferior Telocity, I may add, evidently also proceeds from the resietance of the 
ambient liquid. 

If a greater velocity is given to the disc without, however, paBeing a certain 
limit — it', for esamplc, we give it one turn in three seconde, the phenomena are 
etitt of the same kind ; only the mass ib more elongated, the fiexure due to the 



Fig. 5. 



rcsu^tancc of the ambient liquid ie more decided, and the 
form i^ more removed from an ellipsoid. Figure 5 repre- 
sents the masa riewcd on the aide, and sbowing to the eye 
its pircateet length. 

If the velocity of the disc Ja increaaed to a Inra in two ' 
seconds, the phenomena become less constant and lees 
regular. We should say that there is, for thia velocity, a 
tiaosition from one order of phenomena to anotbcr, and that the mass hesitates 
between the two. 

In fiict. with a velocity still a little greater, namely, about one turn in a second 
and a hulf, the phenomena begin again to be regular and constant, but they are 
different from the first. Tliey are exhibited in all their beauty when the velocity 
is increased to a turn in a scfcond. The mass then is at first deeply hollow^ 
■roand the axis, as if the ring was on the point of being developed ; and it re- 
mains under this form of a circular bourrelet during sixteen to eighteen turns of 
the disc ; we then see it elongate gradnally according to a horizontal diameter, 
but DO longer eccentrically, so that, seen from above, it presents an elliptic 
figure sometimes very perfect, of which the disc occupies the centre, (fig. 6.) 
This ellipse then lengthens more and more, rather rapidly,aiid b^ins to oend 



Fig. 6. 



Fig. 7. 



Fig. 8. 



by the rosislance of the ambient liquid, (fig. 7.) Lastly, on a Bnddea the n 

becomes strongly inflected from both sides, and its form 

seen from above is then aa represented in fig. 8, The 

mass afterwards preserves thia last form in a perfectly 

filed manner, aa long as the movement of the disc con- 

finues. 

33. However capricious these phenomena may appear, 
chance, or accidental causes, have still no part in them. 
i have repeated a great number of times the experiments detailed above, and 
the effects have aways been identically the same for the same velocities. 

After having seen the stable figures which the maas takes in these drcum- 
Btaoccs, wc cannot help making a comparison between these figures and the 
eDipsoids of three axes of MM. Jaeohi and Lionville, (§15.) — ellipsoids which 
■re also always, as the latter of these geometricians has shown, figures of stable 
equilibrium. Would the identity of the phenomena in the case of universal 
mutation and in that of molecular attraction hold good so fori Doubtless 
uie singular figures which wo have jnst described are not ellipsoids ; but their 
aspect admits of onr attributing the difierence to the resistance of the ambient 
liquid, which on one side determines the flexures of which we have spoken, 
and on tbe other maintains a permanent inequality of angular velocity between 
the portions adjoining the disc and the more distant portious. Calculation alone 
could ioform us up to what point the above comparison is well founded ; tbe 
complete sotutioa of the problem, for tbe case of molecular attraction, would ^- 
haps not pieseat diflSctdtiee so insnimotmtable ss for that of anivcrgal attraction. 
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24. Id all the experiments which I have described in this memoir, I hare 
supposed tliat tlic oil and the alcoholic mixture vem rendered chi'mically inert 
with regard to each otht^r, and I have said (§ G) that it was easy in ashortepace 
of time to obtain two such liqnids. I proceed now to detail the process by 
means of which thia object is attained. 

Wc begin by making a mixture of alcohol and distilled water, containing a 
certain excels of alcohol, ao that when Hubmilted to the trial of the test tube 
(5 a) it lets the email sphere of oil fall to the bottom rather rjpidlj-. Aft^r 
having formed the mixture in quantity more than sufficient to £11 the tcsbcI 
which is to serve for the experiments, we introduce into this same mixtnre a 
quantity of oil about double what is considered necessary for these experi- 
ments.* If a tiask is not at hand lai^e cnoagh to contain the whole, wc divide 
the masaos among several separate flasks : but care must then be taken that 
each one-may contain the enroe projtortions of water, alcohol, and oil. After 
this wc invert these flasks rapidly a great number of times, but without ehaking 
them. iiDtil the oil has been divided into spherules of the size of a pin's bead j 
the whole is then left to rest. Then if the alcohotof the mixture is in proper 
quantity, the sphemles should sink with extreme slowness, so as to lake about 
a quarter of an hour for ihe greater part to collect at the bottom of the flasks. 
If it is otherwise, water or alcohol is to be added, as may be required ; the con- 
tents to be mixed by inverting the flafks several times, as above, then left 
agaiu to settle, and the operation thus to be recommenced until the result is 
obtained which I have described. When this point is obtained the whole is 
thrown upon filters, care being taken to cover the funnels containing these 
last with plates, of glass. This precaution is neccBPary in order to prevent, 
as much as possible, the evaporation of the alcohol, and for another reason, of 
which we shall speak hereafter. The alcoholic liquor passes the first through 
the filters, ordinarily carrying with it a certain number of very minute sphemles 
of oil. When the greater part has thus passed, the eplierulcs become more 
Bumei'ous. What still remains in the first filters, namely, ihe oil, and a residue 
of alcoholic liquor, is then thrown into a single filter jilnccd on a new flask. 
This last filtraliou takes place much more slowly than the first, on account of 
the viscosity of the oil. It is considerably accclcraled by renewing ihc filter 
once or twii.? during the operation. If the funnel has been covered with suffi- 
cient care the oil will collect into a single mass at the bottom of the flask, under 
a layer of alcoholic liquor. 

The preceding operations have thus given us the following results ; Ou the 
one hand, the inert alcoholic mixture, still holding a small excess of alcobol, 
and containing a certain number of small spherules of oil ; on the other hand, . 
the oil equally inert, and covered with a lilile of this same alcoholic liquid. 
Now, a second filtration completely clears the first from the spherules which it 
holds. With reiipect to the oil, it is extracted from below the alcoholic layer 
by means of a small siphon, armed with a lateral tube, and received into a dtr 
flutik, which is to be perfectly corked. In this manner wc have the two liqnids 
separate and inactive, with regard to each other. When it is desired to use 
them, if we perceive that the alcoholic liquid is a little too dense, we correct it 
with pure alcohol ; and if, on the contrary, there is too little density, we correct 
ib with alcohol at 16 degrees. In this latter case we must not use pure water, 
because this, when it mixes with the prepared alcoholic liquor, produces in it a 
cloudiness more or less decided. , 

The various trials I liave made relatively to the above process, have led me 
to ascertain that the two liquids, when they have not been submitted to this 
preparation, are both modified by their mutual contact. The alcoholic liquid 

* It is indiipoDuiblB to bavo the two liquids thus in eicraR, on acconnt of Iho qaantltios 
which arc n«i::eB8(irily lost daring tbo different operations wliicb we sball deeciibe, and m tha 
piepaniUon of the experiments. 
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dieaolvea eome oil, and this in its turn probably diBsolvea Bome alcobol. It is 
especially from the modification which the oU undergoes that its great dimini> 
tiOD of relative deneitj results, (§ 6.) Now, when the oil thus mo£fied remaioa 
exposed to the aii, it passes aeaiu g^udually to the state of fresh oil, and reeumes 
its former density. It is parUy to avoid this that I have recommended the fun- 
uels which enclose the filters to be kept constantly covered, and tha oil to be 
kept in a flask perfectly corked. As for the alcoholic mixture, it la evident that 
this lost precaution is equally necessary. 

25. Before I conclude, I must forewarn those persons who may wish to repeat 
my experiments of two effects which sometimes occur, and which cause disturb- 
ance in the operations if the experimenter does not know the means of pre- 
venting or destroying them. 

When some oil is introduced into a mixture containing on excess of alcohol, it 
happens sometimes that the mass which has sunk to the bottom of the vessel 
contracts adherence with this bottom and spreads itself out more or less on its 
Borfoce. There is then no means of removing it entire ; but the spreading of 
the adhesion may be prevented by contriving that the bottom of the vessel 
should be occupied by a layer of a mixture more dense than the oil, (5 9.) 

The second effect to which I allude is presented in the inverse case — that is 
to Bay, when the sphere of oil, instead of reaching the bottom of the vessel, rises, 
on the conb'ajy, to the surface of the alcoholic liquor, either because this liquor 
contains too little alcohol, or on account of a lowering of temperature, or because 
we have not been able to use prepared oil. When Uiis happens the mass flat- 
tens at first, more or less, at the surface of the mixture, as if this last opposed 
a resistance to it. Then, af^er some lime, it makes its way through, and then pre- 
seats a portion of plane surface, more or less extended, on the level with that of the 
alcoholic liquor. But what occaeious trouble is, that then, so to speak, it has 
contracted an adherence with this same surface, from which it is not detached 
without great difficulty. It is, at first, easy to prevent the production of this 
effect by pouring on the surface of the liquor a small layer of pure alcohol ; and 
thia same means will serve also to destroy the effect in question, if it is already 
Moduced. In this latter case we may again invert the vessel with caution. 
The movement thus imparted to the ambient liquor suffices, ordinarily, todetach 
the mass of oil, with the exception of a small portion, which almost always re- 
mains adhering to the surface. 

26. Lastly, I have already mentioned the fact that, after a certain number of 
experiments, the oil becomes filled with small spherules of alcoholic liquor. 
Now, reciprocally, the ambient alcoholic liquor is also often eprinkled with a 
multitude of small spherules of oil. It is scarcely necessary to remark that, 
when all these spherules have become too numerous, and we desire to restore 
the liqaids to their original transparency, this is easily accomplished by filtra- 
tions aimilar to those of which I nave spoken above, (§ 34.) 

27. We have been hitherto engaged with the figures assumed by a liquid 
mass abstracted from the action of gravity and submitted to the attraction of 
its molecules, either when this mass is at rest, or when a movement of rotation 
ipon itself is imparted to it. Notwithstanding the difference of the laws which 
the Attractive forces follow in this case and in that of the large planetary massest 
we have seen produced, on a small scale, a striking representation of the 
majority of the phenomena of configuration relative to the celestial bodies. In 
the second part of this investigation we shall submit our liquid msases to new 
forces, and we shall then see developed a series of phenomena quite as curiooa 
but of a different class. 

NOTB. — ProfoMor Faraday, who bu repeated msnjr of H. PlaWan'a remarkable and beao- 
tifol experiments, coloured lui oil groea, for the porpoae of ranJering U more dUtioctly vlsibla 
Id the spirit, bj dissolviag in it a little oxide or copper. This, be stales, is eseilf doneAj 
haatiog a little oil with >£b oxide, and then taiogliiig that with the rut. ) OV I C 
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2. In order to guide ne in onr experimeata, and also to enable us to com- 
prekend their bearing, we shall first consider the qnestion in a purely theoretic 
point of view. The action of gravity being eliminated and the liquid mass 
being at rest, the only forces upon which the figure of equilibrium will depend 
will be Ate molecular attractiou of the liquid for itself, and that exerted between 
the liquid and the solid system to which we cause it to adhere. The action 
of the latter force ceases at an excessively minute distance &om the solid ; 
hence, in regard to any point of the surface of the liquid situated at a sensible 
distance from the solid, we have only to consider the first of the two above 
fbrces, t. e., the molecular attraction of the liquid for itself. 

The general effect of the adhesive force exerted between the liquid and the 
solid is to oblige the surface of the former to pass certain lines ; for instance, 
if a liquid mass of suitable volume be caused to adhere to an elliptic plate, the 
loiface of the mass will pass the elliptic outline of the plate. At every point 
of this surface, situated at a sensible distance from this margin, the molecular 
attraction of the liquid for itself alone is in action. 

Let us now examine into the fundamental condition which all points of the 
&ee surface of the moss must satisfy, in virtue of the latter force. 

The determination of this condition and its analytical expression are com- 
prised in the beautiful theories upon which the explanation of the phenomena 
of capillarity is based, although geometricians have not specially studied the 
problem of the figure of a liquid mass void of gravity adherent to a given solid 
^stem. We shall, therefore, now resume the principles and the results of the 
tlieories in qnestion, at least those which relate directly to our subject. 

3. Within the interior of a liquid mass, at any notable distance from its snr- 
Ekce, each molecule is equally attracted in every direction ; bnt this is not the 
case at or very near the surface. In fact, let us consider a molecule situated 
at a diatanoe from the surface less than the radius of the sphere of sensible 
activity of the molecular attraction, and let ns imagine this molecule to be the 
eenbe of a small sphere having this same radius. It is evident that one por- 
tion of this sphere being ontside the liquid, the central molecule is no longer 
Mnally attracted in every direction, and that a preponderating attraction is 
directed towards the interior of the mass. If we now imagine a rectilinear 
canal, the diameter of which is very minute, to exist in the liquid, commencing 
■t some point of the surface in a direction perpendicular to the latter, and ex- 
tending to a depth equal to the above radius of activity, the molecules con- 
tained in ikiB minute canal, in accordance with what we have stated, will be 
tttntcted towards the interior of the mass, and the sum of all these actions will 
CouBtitnte a pressure in the same direotion. Now, the intensity of this pressure 
depends upon the curves of the surface at that point at which the minute canal 
cmnmenceB. In fact, let us first suppose the snrface to be concave, and let ns 
pass a tangent plane through the point in question. All the molecules sitnated 
externally to this plane, and which arc sufficiently near the minute canal for 
the latter to penetrate within their sphere of activity, will evidently attract the 
line of molecules which it contains from the interior towards the exterior of 
the maas. If, therefore, we suppressed that portion of tbe liquid situated ex- 
lomally to the plane, the pressure exerted by the line would be augmented. 
Hence it follows that the pressure corresponding to a concave surface is less 
than that which coiresponas to a plane surface, and we may conceive that it 
will be less in proportion as the concavity is more marked. 

If the Borface is convex, the preesnre is, on the contrary, greater than when 
the surface is plane. To render thi^vident, let us again draw a tangent plane 
at that point at which the lino of molecules commences, and let us imagine for 
a moment that the space included between the convex surface and this plane is 
filled with liquid. Let ns then couBider a molecule, m, of this space sufficiently 
near, and from this point let tim a perpendicular upon the minute canal. Tbe 
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action of the molecule m npoo the portion of the line comprised betveen the 
base of the perpeDdicular and the Btmace will attract this portion towards the 
interior of tJio mass. If afterwarda we take a portion of the line eqnal to ■■ 
the fonncrirom the other Bide of the perpendtcnlar, and commencing at the base 
of the latter, the action of the molecule m upon this second portion will be eqoal ' 
and opposite to that which it exerted upon the first; so that these two portions 
conjointly wonJd neither be attracted towards the interior nor the exterior of 
the mass ; if beyond these two same portions another part of the line is com- 
prised within the sphere of activity of m, this part will evidently be attracted 
towards the exterior. The definitive action of m upon the line will then be in 
the latter direction. Hence it follows that all the luolcculep of the space com-~N 
prised between the surface and the tangpnt plane which are sufBciently near the 
Une to exert an effective action upon it, will attract it towards the exterior of 
the mass. If, then, we suppress this portion of the liqnid so as to reproduce * 
the convex surface, the result will be an augmentation of the pressure on the 
part of the line. Thus the pressure corresponding to a convex surface is greater 
than that corresponding to a plane surface, and its amount will evidently be 
greater in proportion as the convexity is more marked. 

4. If the surface has a spherical curvature, it may be demonstrated that, rep- ^ 
resenting the pressure corresponding to a plane surface by P, the radius of the 
sphere to which the surface belongs by r, and by A a constant, the pressure 
exerted by a line of molecules, and reduced to unity of the surface, wilt have 
the following value : P + '^ {l\ 

r being positive in the case of a convex, and negative in that of a caucave 
surface. 

Whatever be the form of the surface, let us imagine two spheres, the radii of 
which are tiiose of greatest and Icaat curvature at the point under consideration. 
It is evident that the pressure exerted by the line will be intermediate between 
those corresponding to these two Bpheres, and calculation shows that it is ex- 
actly their mean. Denotmg the two radii in question by 11 and B', the press- 
ure exerted by the line, referred to the unity of surface, would be 

-4(^0 <^' 

The radii B and B' are positive when thoy belong to convex curves, or, in other 
terms, when they are diiected to the interior of the mass ; whilst they are nega- 
tive when they belong to concave curves, ». «., when they are directed towaras 
the exterior. 

5. From the preceding details we can now easily deduce the condition of 
equilibrium relative to the free surface of the mass. 

The pressures exerted by the lines of molecules which commence at the dif- 
ferent points of the surface are transmitted to the whole mass ; conseqnentiy, 
for the existence of equilibrium in the latter, all the pressures must be equal to 
each other. In fact, let us imagine a minnte canal running perpendicularly 
from some poin* of the surface, and subsequently becoming recurved so as to 
terminate perpendicularly at a second point of this same surla^, it is evident 
that equilibrium can only exist in thb minnte canal when the pressures exerted 
by the lines which occupy its two extremities are eqnal ; ana if this equality 
exists, equilibrium will necessarily exist also. Now, the presBures exerted br 
the different tines depend upon the curveB of the surface at the point at wbicD 
they commence ; these curves must therefo^ be such, at the various points of 
the free surface of the mass, as to determine everywhere the same pressure. 

Such is Uio condition which it was onr object to arrive at, and to which in 
each case the free surface of the mass must be subject, i,, Li(H)<^lc 
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The analytical espreuion of this condition ia directlj' dedncible from the 
general value of the presenre given in tlie preceding psragraph ; we only requirA 
to equalize this value to a constant, and, aa tbe quantities P and A are them- 
§elvefl constant, it is in fact eofficient to make 

i+ff.-=° w 

the qnaotity G being constant for the same figure of equilibrium. 

This equation is the same as thotte which are given by geometricians for ca- 
pillary surfaces, when, in the latter equations, the quantity representiug gravity 
ia supposed to be 0. 

R and E' may he replaced by their analytical values; we are thus led to a 
complicated differential equation, which only appears susceptible of integration 
in particular cases. Yet ibe equation (3) will be useful to us in tbe above sim- 
ple form. Now we know that the uoimal plana sections which correspond to 
the greatest and the least curvature at the same point of any surface form a 
right angle with each other. Geomctrii^ians have abown, moreover, that if 
any two other rectangular planes be made to pass through tbe aame normal, 
the radii of curvature, p and p', correspondiug to tbe two sections thus deter- 
mined, will be such that the quantity — f- — will be equal to the quantity 



aecond; and, consequently, the equation of equilibrium, in its most general 
ezpreaaion, will be 

i + 4 = C (4.) 

P 9 
in which equation p and [f denote the radii of curvature of any two rectangular 
sections passing through the same normal. 

6. These geometric properties lead to another signification of the equation 
(4.) We know that nnity divided by the radius of curvature corresponding to 
any point of a curve ia the measure of tbe curvature at this poiat. Tbe quantity 

^ .J represents, then, the aum of tbo curvaturea of two normal rectangular 

p p' 

sections at the point of the surface under consideration. This being admitted, 
if we imagine that the system of the two planes occupies successively 
different positions in turning around tbe same normal, a sum of curvatures 

— H , - — I , — - H , &c., will correspond to each of these positions ; 

p p' p' P P" P" 

and, according to the property noticed in the preceding paragraph, all these 
enms will have the same value. Consequently, if we add thom together, 
and let » denote the number of positions of the system of tlic two planes, 
tbe total sum will be equal to n times the value of one of the partial sans, 

or to n i — I — -,\ Now, this total sum is that of all the curvatures 

— , —, — , - — , &c., in unmber 2n, corresponding to all the sections determined 

P p' p' P 

hy tbe two planes. If, then, we divide tbe above equivalent qnantity by 2n, 

the result - f — I — -, | will represent the mean of all these curvatures. Now, 

2\p p' / 

as this result is independent of the value of n, or of the number of positions 
occnpied by the system of the two planes, it will be equally true if we supposo 
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this aambcr to be infinitely great, or, in other words, if the BUCcesBive positions 
of the system of the two planee are infinitely approximated, and coaeeqaently 
if this Bame system torus around the normal in ench a manner as to determine 
all the curvatures which belong t« the surface aronsd the poiut in qnestion. 

The quantity — | — | — -\ represents, then, the mean of all the carvatnres of 

the surface at the same point, or the mean currature at thia point. Mow if, in 

passing from one point of the surface to another, the quantity — + — ; retains 

P P 

the same value, t. e., if for the whole surface we have — H ^ C, thia sor- 

P P 
&ce is such tlmt its mean curvature is constant. 

Considered in this purely mathematical point of view, the equation (A) haa 
formed tbu object of tliu researches of several geometricians, and we shall profit 
by these researches in the subsequcut parts of this memoir. 

Thus our liquid aurfucet^ ijhouid satisfy this condition, that the mean curve 
must be the same everywhere. We can understand that if this occurs, the 
mean effect of the curvatures at each point upon the pressure corresponding to 
this point ol^^o remains the sume, and that this gives rise to equilibrium. Hence 
we now sec moi'e clearly the uutui-c of the surtaces we shall have to consider, 
and why they constitute aurfacea of equilibrium. 

G*. We must now call aiteniiun to an immediate couEcquence of the theo- 
retical priuciples which have le<l us to the general eondiuon of equilibrium. 
According to these principles, each of the Hues of molecules exerting upon the 
mass the pressures upon which its form depends, commences at the surface and 
terminates at a depth equal to the radius of the sensible activity of the mole- 
cular attraction, so that these lines collectively constitute a superficial layer, 
the thickuesa of which is equal to the radius it8e!f, and we know that thia is 
e minuteness. It results from this that the formative forces exerted 



by the liunid upon itself emanate solely from an excessively thin superficial 
layer. We shall deuominatc thia consequence lAe principle of the tuperfictal 
la,jer. 

' 7. A spherical surface evidently satisfies the condition of equilibritmi, became 
all tbc cur\-atuics iu it ai-e the some at each potut ; also when our mass is per- 
fectly free, I. e., when it is not adherent to any solid which obliges its sur^ce 
to assume some other cur\-e, it in fact takes the form of ihe sphere, as shown 
in the preceding memoir. 

8. Before proceeding further, wc ought to elucidate one point of great im- 
portance ia regard to the experimental part of our investigations. The liquid 
mass iu our experiments being immersed in another liquid, the question may 
bo asked whether the molecular actions exerted by the latter exert no iufluence 
upon the figure produced; or. in other words, whether the figure of equilibrium 
01^ liquid mass adherent to a solid system, and withdrawn from tue action 
of gravity by its immersion in another liquid of the same density as itself, is 
exactly the same as if the mass adherent to the solid system were really de- 
prived of giTuHty and were placed i« vac^io. Now, we shall show that thia 
really is the case. The molecular actions I'esulting from the presence of the 
aurroundiug liquid are of two kinds, viz., those resulting from the attraction of 
this liquid for itself, and those i'esulting from the mutiwJ attraction of the two 
liquids. Let us first consider tlic former, imagining for an instant that the 
otneni do not exist. The surrounding liquid being applied to the free surface 
of the immersed mass, the former presents in intaglio tbc same figure as the 
Latlci moss presents in relief. Those molecules of this same liquid which ore 
near the common surface of the two media must then exert pressures of the same 
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tuitare sa thoee vhicb we have coueiderod throughout the preceding details, 
towards the iuterior of the liquid to which they belong, and these presanrcB 
must coQScqaently also impart a figure of eqailibnum tu ttie surface in intaglio ; 
§0 that if the immereed mass of itself bad do tendency to assume auy one tigurc 
rather than another, the surroanding liquid would give it a determinate one, by 
compelling it to mould itself in the above hollow figure. This is why a bubble 
of air in a liquid assnmcs the globular form, solely in consequence of the prea- 
Bures exerted by the liquid upon it. Now let us suppose that the immersed 
mass has assumed that figure which it would acquire in vacuti if really deprived 
of gravity 1 the analytical condition of paragraph 5 would then be satisfied as 
regards this moss. Now at each point of the common suri\icc of the two media, 
the radii of curvature p and />' liave the same absolute values, both in the case 
of the inmieraed mass and of the hollow figure of the surrounding liquid, except 
that their signs are contrary, according as they are considered as referring to 
one or the other of the two liquids. To pass from one of the two figures to 
the other, we need therefore only change the sigiiH p and p', or, what comes to 
the same thing, change the sign of the constant G. Ghaoging the sign does 
not destroy the condition of equilibrium ; and consequently, if the immersed 
mass is in eqniiibrium aa regards its own molecular attractions, the same will 
hold good iu the case of the hollow figtire of the surronndiug liquid. The 
pressures of the latter liquid cannot, therefore, by themselves produce any 
modification in the figure of cquilibrinm of the immersed mass. 

Let us now introduce the second kind of molecular actions, t. e., the mntual 
- attraction of the two liquids, and see what will be its effects. Let ns imagine, 
for an instant, that the immersed mass, or, for the sake of fixing the ideas, the 
maee of oil in our experiments is replaced by the same kind of liquid as that 
which surrounds it, i. e., by the alcoholic mixture. In other words, supposing 
the vessel to contain only the alcoholic mixture and the solid system, let us 
tjisit, in the imagination, a portion within the liquid of the same figure and 
diinenaions, and situated in the same manner a^ the preceding mass of oil. It 
is then clear that the molecnles of the mass near its surface being, like those 
of the interior, completely surroonded by the same kind of liquid IJeyond their 
Sphere of activity, these molecules will no longer exert any pressure upon the 
mass ; consequently, the pressures which would exist if this mass could be 
isolated must be consideml as destroyed by the attractions emanating from 
Ae surrounding liquid. The latter forces are, therefore, all t^qual and opposite 
to the pressures in question. Now, as these are all equal to each other in ac- 
cordance with the figure which we have attributed to the imaginary surface of 
the mass, the attractions emanating from the surrounding liquid will also alt be 
eqiial to each other. If we now replace the mass of oil, the attractions emanating 
from the surrounding liquid may certainly alter in absolute value, but it is evi- 
dent that they will retain their directions, and that they will remain equal to 
each other. We therefore see that they will only diminish, by the same quan- 
tity, all the pressures exerted by the mass of oil upon itself; couBequcntly, as 
tJl the difiereuccs remain equal to each other, the condition of equiiiorinm will 
eti'l be satisfied as regards that mass. It is evident that the same mode of 
reasoning may be applied tc the pressures exerted by the surrounding liquid 
upon itself — pressures which will retain their directions, all of which will only 
be diminished to the same extent by the attractions emanating from the oil, bo 
that the condition of equilibrium will still be satisfied as regards the hollow 
figure of the surronndiug liquid. Thus the whole of the molecular actions due 
to the presence of the surrounding liquid will not tend in any way to modify 
the figure of equilibrium of the immersed mass, which figure will, consequently, 
be identically the same as if that mass were really void of gravity and were 
pkeed m vacuo. We can, therefore, leave the auiroimding liquid completely 
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out of the question, its sole function being to neutralise the action of griivity 
upon the maB§ forming the object of the cxperimente. 

9. We shall now pass to the experimental part. And first, to avoid nselefls 
repetition, we shall say a few words relative to the apparatus to be nsed. As 
the liquid always consists of a mass of oil immersed in an alcoholic mixture of 
the Bftmc density as itself, our solid systems will all consist of iron, and this for 
the following reasons : In ordinary circumstances oil contracts, I believe, per- 
fect adhesion with all solids ; hut this is not exactly the case when the same 
oil is plunged into a mixture of water and alcohol ; for then, in the case of cer- 
tain solids, as, e.g., glass, the phenomena of adhesion sometimes undergo modi- 
fications which give rise to trouble in the experiments. We shall meet with 
an instance of this in the subsequent parts of this memoir. Now, the metals 
do not present this inconvenience ; moreover, the form which we have given to 
most of our solid systems would render their construction of any other sub- 
stance besides a metal difficult. Now, among metals we prefer iron, not copper, 
because oil removes nothing from iron, whilst by prolonged contact with copper 
it slightly attacks it, acquires a green color, and increases in density, which is 
a great inconvenience.* 

When we wish to use one of these solid systems of iron, before introducing 
it into the vessel, it must be completely moistened with oil ; and for this pur- 

Ssc it is not sufficient simply to immerse it in this liquid, hut it must be care- 
ly rubbed with the finger. The presence ol this coating facilitates the 
adherence of the liquid mass. ' 

We shall continue to make use of the vessel with plane walls, described in 
the preceding memoir, § 8 ; t a common-shaped bottle, and the iask previously 
mentioned (§§ 5 and 8) in the same memoir, are not well adapted, because they 
do not eihibit the true figure of the mass. 

When the solid system is composed of a single piece, it is snpported by ■ 
vertical iron wire, which is screwed to the lower end of the axis traversing the 
metallic stopper ; but for certain experiments the solid system is formed of two 
jiplatcd piuts, and then only one of them is attached to the axis, as I have 
, Sbitfs}; the other is supported by small feet which rest upon the bottom of the 
. vessel- It need not he mentioned that those liquids only which are prepared 
in such a manner as to be incapable of exerting any chemical action upon each 
other can he employed, {§§ 6 and Si of the preceding memoir.) 

In addition to the little funnel for introducing the mass of oil into the vessel, 
the iron wire which serves for uniting the isolated spheres, &c., of which I have 
spoken in the preceding memoir, the eiperiments require some other accessory 
instruments, as, in the brat placo, a small glass syringe, the point of which is 
elongated and slightly bent. It is used as a sucking-pump, to remove, for iu- 

* In a lotter which Dr. Faiadaj did me the honor of lendiDg t{) mc, regardiu^ the pre- 
c«iliDg memoir, he iiifarmed mo that, when about to repeat my cxpenmeLiB b^ore a DDmerona 
Bndicncp, wiabiDg to produce a still grcutei difference in tlio aspect of the two liquids, be 
disBolvcd inleationally a little oxide ol copper iu the oil, bo as to reuder the latter of a green 
color. The compoimd having tbiis been made beforehand, and rendered peifcctlv homoge- 
neous, and ibu ulcuholic mixture faaviug been regulated accoiding to the dcnailf ol the mrai- 
fied oil, the presence o( Iho cuppur iu solution could not produee any inconvenience ; but in 
this case also the soliil systema shaiild unquoationably be made of iron. 

I Iu making the experiments rolaiing to the present memoir, I found that it was requisite 
sligbtlj to ntodHy the apparatus ia question. The second perforation in the plato forming 
the lid of the vessel should be but littto smaller than the central aperture ; its neck should be 
leas eloi'uled ; and, lastly, it should bo placed near tbe other ; if left as previously described 
and figured, tho nmployment of the accessory instruments which we shall deserilJe would be 
impossible. Moreover, the neck of the central aperture should bo famished with a slight 
rim, so that it may be easily taken hold of when we wish to remove the lid, as, e.g., when il 
ii requirwl to attach a solid ifstem which is too largo to pass through tliis same apcrtnie to 
the axis which traveiiea Iba stopper. Lastly, the vessel should be furnished with a atop 
cock at its lower port, so that it may be easily emptied. 
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stance, a portion of the oQ compoBiDg the liqaid mass, wbeQ it ia required to 
diminisL tlie volume of the latter, or to withdraw the entire masa of oil from the 
vessel, an operation which ia aometimes required, &c. In the second place, two 
wooden spatulas, one being slightly bent, the other etraight, covered with fine 
liuen or cotton stuff. When these spatulas are introduced into the vessel, and 
the cloth with which they are furnished is thoroughly impregnated with the 
alcoholic liquid, tlte mass of oil does not adhere to them. Uence, by means of 
one or the other of these spatulas, the mass can be moved in the surrounding 
liquid, and conducted to the place which it is required to occupy in the interi6r 
of^ the vessel without any of it remaining upon the spatula. This is the pur- 
pose for which these instruments are intended. After they have been nscd, 
Cftre most always be taken to agitate them in pure alcohol before allowing 
them to dry. If this precaution be omitted, the alcoholic mixture with which 
they are impregnated, on evaporating, would leave the small quantity of oil 
which it held in solution upon their surface ; and when the same iustmments 
are used again, the mass of oil would adhere to it. In the third place, an iron 
spatula, the uees of which we shall point out in tlie proper place. Lastly, as it 
is necessary, in all the experiments which we shall relate, that the alcoholic 
liquid should be homogeneous, the process indicated in the preceding memoir 
(§ 25) cannot be used to prevent the mass of oil fi;om becoming occasionally 
adherent to the bottom of the vessel ; but the same result Is obtained by cover- 
ing the bottom with a square piece of linen. 

New cxpenmienfM in wupport of Ae theoretical principle* brought forward in the 
preceding ohierratioas. Figures of equilibrium lerminated Vy surfaces of 
spherical eurvalure. New prindph relating to layer* of liquids. 

10. The facts which we shall first describe may be coasidered as constituting 
the experimental demonstration of the principle of the superficial layer, (§ 0, iw.) 
Let ns imagine any solid system to he immersed in the liquid mass, and let us 
give to this mass such a volume that it may constitute a sphere which com- 
pletely envelops the solid system without the latter reaching the surface at any 
point. Then, if the above principle be true, the presence of the solid system 
will exert no influence upon the figure of equililtrium, becauBe. under these 
drciimstances, the superficial layer, from which the configuring actions emanate, 
remabs perfectly frte ; whilst if these actions emanated from all points of the 
mass, auy unsymmetrical modification occurring in the internal parts of the 
latter would nccuBsariiy produce one in the external form. This is confirmed 
by experiment. The condition of a solid system completely enveloped by the 
mass of oil would be somewltat difficult to realize ; but it mast be remembered 
that, in the experiments i-eluting to the preceding memoir, the system of the disk, 
by means of which the mass was made to revolve, was very nearly in this con- 
dition, because it did not reach the external surface of the mass excepting at 
the two very small spaces which gave pnssiige to its axis. But we then saw, 
(§ 9 of the procodiog memoir) that when tlie mass was at rest, its sphericity 
was only very slightly altered by the presence of this system. The theoretical 
condition may be more nearly approached hy taking a very fine metallic wire 
for the axis of this same system ; m this case the alteration in form is quite 
imperceptible. The axis being supposed to be vertical, the disk may, moreover, 
be placed so that its centre coincides with that of the mass of oil, or is situated 
above or below the latter without producing any difference. I shall relate 
another fact of an analogous nature. In the course of the experiments, it some- 
times happens that portions of the alcoholic liquid become imprisoned in the 
interior of the mass of oil, forming so many isolated spheres. Now, however 
these spheres may be situated in the interior of the mass, not the least alterntioo 
u produced in the figure of the latter. OoOQ Ic 
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II AeaiB,ket ai eaow some kind of solid eystem to penetrate the liquid 
M ■ bnl no" ^^ *^ ""*' be of too Bmall a volume to oc capihle of com- 
S*iel'v enreJopinr thie syttcm. The latter will then iiecesaarily reach the 
inreraciJ l*ver; Md. if the principle in question be true, the fignre of the 
^^d m«M »iU be Modified, or, in other words, will cease to remain Bpherical. 
tIi' docs really oceor, a* we might have expected ; the liquid mass DPComea 
•it^ed at (hoee portiooa of the solid systera which project externally from 
■«^»ce ■ it finally either occupies the whole of these portions, or only a part 
]j \^' extent, according to the form and the dimensions of the solid system, 
id^M M"^f» * "*" ^^^ °' ^°'^^^'^- '^^ ^'"^ "*'** *"'*■ exumplee 
I'^'^lnstead of causing the solid system to penetrate the interior of the liquid 
■ i iiomlr he plawd in contact with the external surface of the latter. 
T***" t on bebfflhen eatablished at a point of the superficial layer, equilibrinm 
ht ae«iioved. tnd the figure of the liquid mass ought again to be modified, 
"l"*' II n/^i^FH- the mass becomes extended upon the sur&ce presented to 
?^ r Wnilywq'"""* *^'ff^°* "'"'Pe- Thia result might also have 
it, and "^"^ , fromwhat occnr* under ordinary circumstances, when a drop 
been *^'"!''*j^^ npon s previously moistened solid surface. One might b* 
• ^^' '*! Jieve thst, as regards the actual result, this case is referable to 
ndaci^ W ^^^1^^ paragraph or that in paragrapli 10 ; for it appears that 
'''*'i- llmLs becoming extended upon the solid system so as to obtain the 
the hquHl ■ njijbriiun, should ultimately occupy or envelop this system in 
new Bgore "i^ ^ y, ^j^^ latter had been made to penetrate its interior directly, 
t^^amcm j^^^^gfancKS this must occur; but the experiments which nre 
tnder certain ^^ ^^^ ^1^^ ^j^^^ under other circumstances the reault is 

totally differen^^ ^^^ ^^ ^^j.^ aystem a thin circular plate," attached by its 
13. I*'"^ jj^ ,rire which supports it, (Fig. 1.) and let na produce the 

fi,.i. 



i 14 



I a»r surface to the upper part of the mass of oil.t DirecUy 
Jh»!on of ""/JX established, the oU extends rapidly over the surface pre- 
^„ct i* ""P''*^'^ 



TT^^ch r have UBcd is 4 contimetroB. I menlion this diRiDetor fot 

..-nf iWiw!; , -:i^tthatin our experiments the diuioDBionH of theappa- 
pt ihat if these dimensions eiceod certain liuiils, the 
in consequenco of the large quandUoTOf liquid wliicfa 

I be Effected with facility, the sphere ol" oil must firel 
■alh the canlial aperture in (be lid ; the plate being then 
nerely to lower ft by means of the axis traversing the 
d mass If the latter does not occupy the position m 
1 there by means of u spatuU covered with linen. (4 9.) 
;onl*ct betp%ecn the pliite und the sphere of oil docs not 
reaislance has to be overcome, ao/ilogous to thot treated 
nDrec«dinir memoir; but to overcome this, tlia liquid 
by means of the plate. The slight rtniltinK preuniB 
lo and tie pwNluc'i"" "^ *'*'°^''" . GoOylc 
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•ented to it; but, vhst is remarkable, although the precaatioD haa been taken 
of rabbing the whole of tho Byetem, (j 9,) that is, the two faces of the plate as 
well as its rim, with oil, the oil terminals abruptly at this rim without passing 
to tbe other side of the plate, and thus preseois a sudden inten-nption in the 
cnrvatnre of its surfece. In the case in question, the new figure acquired by 
the masB is a portion of a sphere. This portion will bo as much larger in pro- 
portion to the complete ephere as the volume of oil is greater ; but the cnrvatnre 
will always terminate abruptly at the margin of the plate. (See Fig, 2, which 
represents a section of the solid system and the adherent moaa in the ease of 
three different volumos of the latter.) 

The cause of this singular interruption of continuity is readily understood. 
The rim of the plate reaching to the superficial layer, it is natural that some- 
thing peculiar should occur along this margin, and that the continuity of form 
should cease at that point where a foreign attractive action is exerted withont 
tTBDsitioa on the superficial layer. 

14. Let us again make nae of the above plate ; but instead of presenting one 
of its faces to the exterior of the sphere of oil, let us insert the plate edgewise 
into the interior of this sphere.* f he liquid will neceBsariiy extend over both 
&ce8 of the solid ; and if the diameter of the primitive sphere were less than 
that of the plate, the oil will be ecen to form two spherical segments upon the 
two faces in question, the curvatures of which will still terminate abruptly at 
Ae margin of the plate. These two segments may be either equal or unequal, 
according as the edge of the plate baa been introduced into the liquid sphere in 
such a manner that the plane of the plate passes through the cnntre of the 
nthere or not. The upper segment will be slightly deformed by the action of 
the suspending wire ; but this effect will be less sensible in proportion to the 
thinness of the wire in question. Fig. 3 represents the result of the experiment 
with two unequal segments. Tho discontinuity of the curvatures is a very 
general fact, which we shall frequently find to recur in tbe course of oar 
experiments; it will hereafter lead ns to very important consequences. 
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15. I have repeated the same experiment., substituting a plate of an elliptic 
fiirm for the circular plate. In this, as in the preceding case, tbe oil extends 
over both faces of the solid, so as entirely to cover them; and, if the volume of 

" This operation U porformed iis folloivB: The stopper to which the s^Etem of thopliiteis 
■tUcbni is kept ui noine dittance nbove the nock of tbe cenCrsJ nperture, in such a maaner, 
however, tliat ihe latter is iDimersed Co a sufficient depth iti the alcoholic raixCure. Ths 
plate run then be inovud with toleiabte freedom, anil it is conducted towarJa the liquid 
_ i?.-.v: .1.- 1 L. ;....i_ .Q occupy ft Buitabto posilioo. ' 



For this 



purpose ibo latl«rourht previoualj 
id m-tss is cut, tbe pkile is kept Mi 
9r is carefully placed in the neck. , 



diately the liquid 

which ibe stopper , 

maj also be luado use of. Tbe iiqmd u 

apotture, and a suffit'lenl disiODce Irom me am 

tr»l aperinte; then, having fixed ibe solid HyHtoi 

Dkove tbe liquid mass towards it. and when ih 

aiuDtemipHAll;. Tbeso ptvceasps ate also emplojed in other eipehmonis, and il ii 

to bftve pointed them out onus. In some cases the second ia tbe ovXj pracueoble one. 

nukj be eatilj decided upon in making tbe ezperimenla. 



nntil the action is 'lenninaled, after 

CO the precedine 

, n near tlie second 

whicb paiues through tbe ceutro of the cen- 

I tirmly in tho position wbicb it is k> occtipj, 

' - be«i cut, allow the ai ' 
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18. The prinmple of the imperficia] lajer^ applied to the preceding expoi- 
ment, aliowB of tne latter being modified in each a moBiier as to obtain a very 
remarkable resiilt. When the figure of equilibrium is onee attained, the per- 
forated plat« acta upon the superficial layer by its external border only. Thft 
whole of the rcmaioder of this plate then exerts no influence upon tlie iignre in 
question. Hence it follows that this figure would still be tJie same if the aper- 
ture were enlarged, only the greater the diameter of tlie latter the leas time is 
required. for the establishment of the equality between the two carratuiea. 
Lastly, we ought to be able to enlace the ^>ertnre nearly to the margin c^ the 
plate without changing the fignro of equilibrium i or, in other words, to reduce 
the solid system to » simple ring of thin iron wire. Now, this is confirmed by 
experiment; but, to put it in execution, we cannot confine onrselves, as befiire, 
to making the solid system penetrate a sphere of oil of less diameter than that 
of this same system, and subsequently to allow tie molecular forces to act, be- 
cause the metallic wire, on account of its small extent of sur&ce, would not 
exert a sufficient action upon the superficial layer to cause t^ liquid to extioid 
BO as to adhere to the entire surface of the ring. The mass would then remain 
traversed bv part of the latter, and its spherical form would not be seneibly 
altered if the metallic wire were small j the liquid snr&ce would merely be 
slightly raised apon the wire in the two small spaces at which it issued from 
the mass. To speak more exactly, under the circumstanoos in question two 
figures of equilibrium are possible. One of these differs but very dightly from 
the sphere ; it is not symmetrical with regard to the ring, one part of which 
traverses it whilst the other part remains free. The second figure is perfectly 
symmetrical as regards the ring, and completely embraces its margin ; itq surface 
is composed of two equal spherical curves, the margins of which reet npon the 
ring; in other words, it constitutes a true doubly convex lens of equal curw 
tures. This is the figure which it ia our object to obtain. For this purpose 
we first ^ve the sphere of oil a diameter slightly greater than that of the 
metallic ring ; we then introduce the latter into the mass so that it is com- 
pletely enveloped ; lastly, by means of the small glass syringe, (§ 9,) some of 
the liquid b gradually removed from the mass." As this diminisheB in volume, 
its surface is soon applied to every put of the margin of the ring, and the 
volume continuing to diminish, the lenticular fonn b^somes manifiest. AAer- 
wards, by withdrawing more of the liquid, the curvatures of the two enifa«ies 
may be reduced to that degree which is considered suitable. In this way a 
beautiful double convex lens is obtained, which is entirely tiqnid except at its 
circumference, lloteover, in consequence of the index of refraction of the 
olive oil beiog much greater than uiat of the alcoholic mixture, the lens in 
qncstion poasesBes all the properties of conve^^ng lenses; thue, it magnifies 
objects seen through it, and this magnifying power may be varied at pleasun 
by removing some of the liquid from, or adding more to, the mass. Our figore, 
therefore, realizes that which could not be obtained with glass lenses, *. e., it 
forma a lens, the curvature and magnifying power of which are variable. The 
diameter of that which I formed was 7 centimetres, and the thickness of the 
metallic wiro was about J a millimetre. A much finer wire might have been 
used with the same success ; but the apparatus would then become inconve- 
nient on account of the facility with whidi it would be put out of shape. By 
operating with core, the curvatures of the lens may be diminished so as almost 
to make them vanish ; thus I have been enabled to reduce the lena which I 
formed, and the diameter of which, as I have stated, was 7 centimetres, to 
such an extent that it was only 2 or 3 millimetres in thickness. Henco we 
might prcsjime that it would be possible to obtain, by a proper mode of pro- 

* Th« p^t of the inilnuneDt it inCiodiiMd into tha tmmI through tin ascond apcatnr* in 
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ceeding, a htjer of oil with plans hixa. This is, in &ct, confirmed by ezp^ 
rience, u we shall nee farther on. 

19. To render the curvatures of the liquid lens very slight, the point of tlie 
syriBge mnst natnrally be applied to the middle of the lens, becanso the maxi- 
mom of thidcnesB exists there. Now, when a certain limit bos been attained, 
the mass anddenly becomes divided at that point, and a cnrions phenomenon w 
produced. The liqnid rapidly retires in every direction towards the metallic 
drcomferencei and forms a beantifnl liquid rin^ along the latter; bnt thia ring 
does not last for more than one or two seconds, after which it Bpontaneonsly 
reeolves itself into several small, almost Bpberical masses, adhering to various parte 
o£ the ring of iron wire, which paesee throngh them like the beards of a necklace. 

20- The reasoning which led ns, at the commencement of paragraph 18, to 
rednce the primitive solid BVBtem to a simple metallic wire representing' the line 
in the direction of wbicb this ayBt«m is met by the superficial layer belonging 
to the new figure of equUibrinm, may be generalized. Wo may conclude that 
whenever a solid eyet«m introdnced into the mass is not met by the snperficial 
layer of the figure produced, excepting in the direction of small lines only, sim- 
ple iron wires, representing the linea in qaestion, may be substitnted for the 
■olid system employed. Bnt if the volume of the primitive solid system were 
Gonatderabic, it would evidently be requbite to add to the moss of oil an equiva- 
lent volnme of this liquid, to occupy the place of the solid parts suppressed. 

There is, however, an exception to this principle ; it occurs when the solid 
system separates the entire mass into isolated portions, as in the experiment of 
paragraph 14 ; for then theBe portions assnme figures independent of each other, 
and which may correspond to difierent presBnrcs. In this case the suppression 
fd one portion of the solid system wonld place the figures primitively isolated 
in communication, and the inequality of the pressures would nccesBonly induce 
a change in the whole figure. Excluding thia exception, the principle is gen- 
eral, and the resnlt of it is that well-developed efi'ects of configuration may be 
obtained on employing simple iron wires instead of solid aystemB. The experi- 
ment of the biconvex lena inmiehes one inBtanceof this, and we shall meet with 
a great many others hereafter. NevertheieSB, to be enabled to comprehend the 
influence of a simple metallic wire upon the configuration of the liquid mosa, it 
is not requisite to consider this wire as BnbBtituted for a complete solid system ; 
it may also be considered by itself. It is, in fact, clear that the solid wire 
acting fay attraction upon the superficial layer of the mast>, the curvatures of 
the two portions of the surface resting upon it onght not to have any further 
relation of continuity with each other. The metallic wire may, tlierefore, de- 
termine a sudden tisnaition between these two portions of the surface, the curv- 
atures of which will terminate abruptly at the limit which it places to them. 
The principles which we have established ought undoubtediv to be considered 
Bs among the moBt remarkable and cnrions consequences of the principle of the 
enperficial layer, and one cannot avoid being aatoniBhed when we 
■ee the liquid maintained in euch difierent forms by an action ex- ^- 7. 
eited upon the extremely minnte parte of the Buperficial layer of 
the moss. 

21, We have experimentally studied the influence of convex 
enriacea of spherical curvature ; let us now ascertain what experi- 
ment is able to teach us in regard to plane surfaces and concave 
enriaces of spherical curvature. Let us take for the solid system a 
large Btrip of iron, curved circularly so as to form a hollow cylinder, 
and attached to tlie suspending iron wire by some point on ita outer 
Boriace, (Fig. 7.) To prevent the production of accessory phenomena 
in the experiment, we shall suppose that the breadth of tne metallic 
band ia less than the diameter of the cylinder formed by the same band, or that it 
is at least equal to it. Uake the mass of oil adhere to tibe internal &^^^ f)£ this 
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BfBtem, and kt ob euppose that the liquid ia in sufficient quanti^ then to project 
outside the cylinder. In this case the maas will present on each side a convex 
surface of spherical curvature, and the curvatures of these two surfaces will be 
equal. This figure is a consequence of what we have previously seen; and we 
must not stop here, for it will serve ne as a starting point in obtaining other 
figures which we require. Apply the point of the syringe to one of the above 
convex Burfaces, and gradually withdraw some of the liquid; the cnrv&tnree of 
the two surfaces will then gradually diminish, and with care they may be reu' 
dered perfectly plane. It follows from this first result that a plane surface is 
also a surface of equilibrinm, which is evidently in conformity with theory. Let 
us now apply the end of the syringe to one of these plane surfaces, and again 
remove a small quantity of liquid. The two surfaces will then become simnl- 
toDeonsly hollow, and will form two concave surfaces of spherical curvature, the 
maigina of which rest upon the metallic band, and the curvatures of which are 
the same. Finally, by the further removal of the liquid, the cnrvatnres of the 
two surfaces become greater and greater, always remaining equal to each other. 

Hence it results, first, that concave surfaces of spherical curvature are still 
surfaces of equilibrium, which is also in accordance with theory. Uoteover, as 
the plane surface left free sinks spontaneously as eoon as that to which the in- 
atrumeat is applied becomes coucave, it must be concluded that the superficial 
layer belonging to the former exerts a pressure which is counterbalanced by an 
equal force emanating from the opposite superficial plane layer, but which ceases 
to be BO, and which drives away the liquid as soon as this opposite layer com- 
mences to become concave. Again, as further abstraction of the liquid deter- 
miucB a new rupture of equilibrium, so that the concave surface opposite to that 
upon which wo directly act exhibits a new spontaneous depression when the 
curvature of the other snrfiice increaaea, it follows that the concave superficial 
layer belonging to the former still exerted a pressure, which at first w«s neutral- 
ized by an equal pressure arising from the other concave layer, but which be- 
comes preponderant, and again drives away the liquid, when the curvature c^ 
this other layer is increased. 

Hence it follows, firat, that a plane aurface prdSuces a pressure upon the 
liquid; second, that a concave surface of spherical curvature also produces a 
pressure; third, that the latter is inferior to that corresponding to a plane surface; 
fourth, that it is less in proportion as the concavity ia greater, or that the radina 
of the sphere to which the surface belongs is smdler. These resulte were also 

Eiinted out by theory, and had already been verified in the application of the 
tter to liquids submitted to the action of gravity, by the phenomenon of the 
elevation of a liquid column in a capillary tube, the walls of which are moistened 
by it. 

Beasoning upon these facts, as we have done at the end of paragraph 17 in 
regard to convex surfacea of spherical curvature, we shall arrive at the conclu- 
sion that the entire pressure exerted bv a concave superiicial layer of spherical 
curvature is the result of minute individual presauree arieiogfrom all the etementB 
of this layer, and that the intensity of each of these minute presanrca depends 
upon the curvature of that element of the layer from which it emanates. Our 
last experiment, therefore, perfectly veri Ilea tbat part of the theory which relates 
to plane and convex surfaces of apherical curvature. Lastly, in the state of 

Snilibrium of our liquid figure, the curvature being the same at all points of each 
the two concave surfaces, it is again evident that all tho minute elementary 
pressures are equal to each other, which gives a new complete verification of 
the general condition of equilibrium. 

23. The figure we have just obtained constitutes a biconcave lene of equal 
curvatures, and possesaea all the propertiea of diverging lenses, t. c, it dimin- 
iahes objects seen through it. Sec. Moreover, as the curvature of the two but- 
&ceB may be increased or diminished by as small degrees as ib vubed. i^ fiiUowB 
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that we tboB obdnn a diverging lens, the curvature and actioD of wbich are 
variable. 

23. Now let U3 suppose that we have increased the curvatures of the lens 
until the two surfaces nearly touch each other by their summitB.* Wo might 
presume that if the removal of the liquid were continued, the maee would be- 
come disunited at that point at which this contact took place, aud that the oil 
would recede in every direction towards the metallic band. Thia ia, however, 
not the case ; we thei observe in the centre of the figure the formation of a 
small sharply defined circular space, through which ohjecta no longer appear 
diminished, and we easily recognize that this minute space is occupied by a 
layer of oil with plane faces. If the removal of the liquid be gradually con- 
tinued, this layer increases more and more in diameter, and may thoa be ex- 
tended t« within a tolerably short distance of the solid surface. In my experi- 
ment, the diameter of the metallic cylinder was seven centimetres,- and I oave 
been enabled to increase the size of the layer until its circumference was not 
more than about five millimetres from the solid surface ; but at this instant it 
broke, and the liquid of which it consisted rapidly receded towards that which 
Btill adhered to the metallic hand. The fact which we have just described is 
very remarkable, both in itself and in the singular theoretical consequencos to 
which it leads. In fact, that part of the mass to which the layer adhetes by its 
margin presents concave surfaces, whilst those of the layer arc plane ; now the 
existence of such a system of surfaces in a continuous liquid mass seems in op- 
poaition to theory, since it appears evident that the pressures cannot be equAl 
in this case. But let as investigate the question more minutely. 

S4. According to theory, the pressure corresponding to any point of the sur- 
face of a liquid mass, as we have seen, (§ 3,) is the integral of the prcssnrea 
exerted by each of the molecules composing a rectilinear line perpendicular to 
the surface at that point, and equal in length to the radius of tuo sphere of 
activity of the molecular attraction. The analytical expression of this integral 
contains no other variables than the rndii of the greatest and of the least curva- 
ture at the point under consideration, (§ 4,) consequently the pressure ia 
question varies only with the curvatures of the surface at the same point. This 
is rigorously true when the liquid is of any notable thickness ; but we shall 
■how that in the case of an extremely thin layer of liquid there is another 
element which exerts an influence upon the pressure. Let us conceive a liquid 
layer, the thickness of which is less than twice the radius of the sphere of sen- 
sible activity of the molecular attraction. Let each molecule he conceived to 
be tbe centre of a small sphere with this same radius, (§ 3,J and let UB first 
consider a molecule situated in the middle of the thickness of^ tbe layer. The 
Lttle sphere, the centre of which is occupied by this molecule, will be intersected 
by the two surfaces of the layer, consequently it will not be entirely full of 
liqnid ; but the segments suppressed on the outside of the two surfaces being 
eqnal, tbe molecule will not oe more attracted perpendicularly in one direction 
tban in the other. Now let a small right line, normal to and terminating at the 
two surfaces, pass through this same molecule, and let us consider a second 
molecule situated at some other point of this right line. The little sphere 
which belongs to the second molecule in question may again be intersected by 
the two surfaces of tlije layer; but then tie two suppressed sogmeuta will be 
nneqnal ; the molecule wiU cooBcquenlly be subjected to a preponderating at- 
traction, evidently directed towards the tliickness of the layer. The molecule 
will then exert a pressure in this direction, and it must be remarked that this 
preasare will be leas than if the liqnid had any notable thickness, the molecule 

* To eOect this operation, the poiatof tbe iwinge must not bo placed in tho middle of the 
BgojK, as in tbe caae of the doablj convex lens; but, on the coolrerr, near tho metallic 
b«nd, aa this U now tbe point irhem the greatest Ihickneia of the liquid eiista.i \ -^qo Ip 
16 8 O 
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bebg eitnatcd at the eame dietance from the surface ; for in the Utter case the 
little sphere would only be cut on one aide, and its oppoeile part would be per- 
fectly full of liquid. It might also happen that tlie little aphere belonging to 
the molecule in queetion in the thin layer is only cut on one side ; the molecnle 
will then etill exert a prcBBure in the Bame direction, but its intensity will then 
be as great as in the case of a thick mass. It is easy to see that if the thick- 
ness of the layer is less than the Kimple Icngtii of the radios of the molecular 
Attraction, the little spheres will all be cut on boih sides ; whilst if the thickness 
in question is comprised between the length of the above radius and twic« this 
same length, a portion of the minute spheres will be cut on one side only. In 
both cases the pressure exerted by any molecule being always directed towards 
the middle of the thickness of the layer, it is evident that the integral pressure 
corresponding to any point of either of the two sarfaces will be the result of the 
pressures individually exerted by each of those molecules, which, commencing 
at the point in question, are arranged upon half the length of the small perpen- 
dicular. Now each of the two halves of the smull perpendicular being leas than 
the radius of the sphere of activity of the moleenlar attraction, it follows that 
the number of molecalcs composing the line which exerts the integral pressure 
is less than in the case of a thick mass. Thns, on the one hand, the intensities 
of part or the whole of the elementary pressures composing the integral pres- 
sure will bo less than in the case of a utick mass, and, on the other haod, the 
number of these elementary pressures will be less ; from this it evidently follows 
that the integral pressure will be inferior to that which would occur in the case 
of a thick mass. P always denoting the prcssnre corresponding to any point of 
a plane surface belonging to a thick mass, (§ 4.) the pressure corresponding 
to any point of either of the surfaces of an extremely thin plane layer will there- 
fore be less than P. Moreover, this pressure will be less in proportion as the 
layer is thinner, ond'it may thus diminish indefinitely ; for it is clear that it 
would be reduced to zero if we supposed that the thickness of the layer was 
equal to no more than that of a simple molecnle. 

We can obtain liquid layers with curved surfaces ; soap-bubbles ftimish an 
example of these, and we shall meet with others in the progress of this investi- 
gation. Now by supposing the thickness of such a layer to be less than twice 
the radius of the molecular attraction, we should thus evidently arrive at the 
conclusion that the corresponding pressures at either of its two surfaces would 
be inferior in intensity to tbose given by paragi'aph 4, and that, moreover, these 
intensities are less in proportion as the layer is smaller. We thns arrive at the 
following new principle : 

In tJie case of every liquid layer, the thicknest of which t* ten tJiam twice the 
radiut of the sphere of activity of the molecular attraction, the pretture mil not 
depend lolely upon the curvature* of the twjaces, hut will vary with the thick- 
neis of the layer. 

as. We thus see that an extremely thin plane liquid layer, adhering by its 
edge to a thick mass the surfaces of which are concave, may form with this maas 
a aystcm in a state of equilibrium ; for we may always suppose the thickness 
of the layer to bo of auch value that the pressure corresponding to the plane 
■nrfocos of this layer is equal to that corresponding to the concave surfaces of 
the thick mass. SucH a syatem is also very remarkable in respect to its form, 
iuasrauch as surfaces of different nature, as concave and plane surfaces, suc- 
cwd each other. This heterogeneity of form is, moreover, a natural consequence 
t>f the change which the law of pressures undergoes in passing from the thick 
lu the thin part. 

S6, As wo have already seen, theory demonstrates the poasibility of the ex- 
Mtmce of such a system in a stale of equilibrium. As regards the experiment 
which has led us to these considerations, although the result presented by it 
Ctwd^ to realise in an absolute manner the theoretical result, thev» is one tci^itm- 
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Blaiiee wbich is aafavorable to the completion of this redizatioD. We caa oq- 
derstaod that the relative mobility of the molecoles of oil is not sufficiently 
great to occasioo the immediate formation of the liquid layer with that excessive 
tennity which is reqaiaite for equilibrium ; the thickness of this layer, although 
very nuuute. absolutely speaking, is undoubtedly, during the first moments, a 
considerable multiple of the tbeoretical thickness. If, then, vb produce the 
layer withont extending it to that limit to which it is capable of increasing 
daring the operation, and afterwards leave it to itself, the pressare correspond- 
ing to its plane suifaces will still exceed that corresponding to the concave 
Borfaces of the remainder of the liquid system. Hence it follows that the oil 
within the layer will be driven towards this other part of the system, and that 
the thickness of the layer will progreBsivcly diminish. The equilibrium of the 
figure will then be apparent only, and the layer will in reality be the seat of 
continual movements. The diminution in thickness, however, will be effected 
slowly, because in so confined a space the movements of the liqnid are neces- 
sarily restrained ; 'this is why, aa in the experiment in paragraph 17, the mass 
only acquires its figure of equilibrium slowly, becanae there is a cause which 
impedes the movements of tne liquid. The thickness of the layer gradually 
approximates to the theoretical value, from which the equUibiimn of the system 
would result ; but unfortunately it always happens that before attaining this 
point the layer breaks spontaneously. This effect depends, without doubt, 
upon the internal movements of which I have spoken above. We con imAgioe, 
in fact, that when the layer has become of extreme thinness, the slightest canae 
is sufficient to determine its rupture. The exact figure which corresponds to 
the equilibrium is therefore a limit towards which the figure produced tends j 
this limit tho latter approaches very nearly, and would attain if it were not itself 
preyiously destroyed by an extraneous cause. 

Our experiment has led us to modify the results of theory in one particular 
instance ; but we now see that, far from weakening the principles of this theory, 
it furnishes, on the contrary, incomplete as it is, a new and striking verification 
of it. The conversion of the doubly concave lens into a system comprising a 
thin layer is connected with an order of general facts : we shall see that a large 
number of our liqnid figures become transformed, by the gradually produced 
diminution of the mass of which they are composed, into systems consisting of 
layers, or into the composition of which layers enter. 

27. U by some modification of our last experiment we conld succeed in ob- 
tiuning the equilibrium of the liquid ayBtem, we might be able to deduce from 
it a result of great interest — an indication of the value of the radius of the 
sphere of activity of the molecular attraction. In fact, we might perhaps find 
out some method of determining the thickness of the layers; these roignt, for 
instance, then exhibit colors, tbe tint of which would lead us to this determina- 
tion. Now we have seen that in the state of equilibrium of the figures, hnlf the 
thickness of tbe layer -wonld bo less than the radius in question; hence we 
should then have a limit above which the value of this same radius would exist. 
In other words, we should know that the molecular attraction produces sensible 
effi^ts, even at a distance from its centre of action beyond this limit. Our 
experiment, altbough insufficient, may thus be considered as tbe first step 
towards tbe detennmation of the distance of sensible activity of the molecular 
attraction, of which distance at present we know nothing, except that it ts of 
extreme minuteness. 

28. Let us now return to the consideration of thick masses. It follows from 
the experiments related in paragraphs 13, 14, 17, 18, and 21, that when a con- 
tinuous portion of the surface of such a mass rests upop a circular periphery, 
this Bur^ce is always cither of spherical curvature or plane. But to admit this 
principle in all its generality, wo must be able to deduce it from theory. We 
shall do this in the following series, at least on the supposition that the portion 
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of the BnrfiM^e in qnMtion is a eorikce of rewhition. We ghall Uien B«e tlut 
this same principle is of great impbrtaoce. We may ivmark here that in the 
experiment in paragraph S3 the layer commenceB to appear as soon ae tlie 
surfaces can no longer constitnto epherioal Begments. Now we shall again find 
that in the other cases, when a fall figure is converted, by the gndnal with- 
drawal of the tiqnid, into a system composed of layers, or into the composition 
of which layers enter, toe latter begin to be formed when die 
^. 8. figure of equilibrinm, which the ordinary law of pressDres would 
determine, ceases to be possible. Toe mass then assumes, or 
tends to assome, another fignre, compatible with a modifioation 
of this law. Snch is the general principle of the formation of 
layers under the circumstances in qneetion. 

Oi^. After having formed a oonvergiog and a diverging liquid 
lens, it appeared to me curious to combine these two kinds of leas, 
so as to form a liquid telescope. For this purpose, I first snbsti- 
tQted for the ring of iron wire, in paragraph 18, a circular plate 
of the same diameter, perforated by a large apertnre. (Fig. 8.) 
This plate having been turned in alatbe, I was certain of its being 
perfectly circular, which would be a very difficult condition to fulfil in the case of 
a simple curved iron wire. In the second place, I took for the solid part of the 
doubly concave lens a band of about two centimeitres in breadth, and curved 
into a cylinder three and a half centimetres in diameter. These two systems 
were arranged as in Fig. 9, in such a manner that tbo entire apparatus being 
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suspended vertically in the alcoholic mixture by the iron wire a, and the two 
liquid lenses being formed, their two centres were at the same height, and ten 
centimelreB dbtant from each other. In this arrangement the telescope cannot 
be ac^usted by altering the distance between the objective and the eye-piece; 
but this end is attained by varying the curvatures of these two lenses. With 
the aid of a few preliminary experiments, I easily managed to obtain on excel- 
lent Qalileen telescope, mngnifying distant objects about twice, like a common 
opera-glass, and giving perfectly distinct images with very little irisation. 
Fig. 10, which represents a section of the system, shows the two lertsee com- 
bined. 

Fi^ra of equilibrium termifiaUd by plane nirfaces. Liquid polyh^dra. 
Jjaminar jigure* of tguHHmmn. 

30. In die experiment detailed at paragraph 21, we obtained a figure ^«- 
senting plane Burfaces. Thrae were two in nnmber, parallel, and bounded by 
drcular peripheries ; but it is evident that these condltioiu uq ootne^auaiy 
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in order to allow pUne Bnrfacea to belong to k liqnid tnau in eqniUbrinm. We 
can nndentand Otat the foims of the solicl contours might bo indifierenti pro- 
vided they conBtitnte plane figures. We can, moreover, understand that the 
nomUer and the relative directions of the plane snrfaces may be a matter of 
indiS^rence, because these circumstances exert no inflnence upon the presanrea 
which correspond to these surfaces, pressures which will always remain equal 
to each other. Lastly, it follows from the principle at which we arrived at the 
end of paragraph 20, relative to the influence of solid wires, that for the estab- 
liahment of the transition between a plane and any other surface, a metallic 
thread representing the ed^ of the cmgle of intersection of these two snrfaces 
will be sumcient. We are thus led to the cnrions resnlt, that we ought to be 
able to form polyhedra, which are entirely liquid excepti^i; at their edges. 
Now, this ia completely verified fay experiment. If for the solid system we 
take a framework of iron wire representing all the edges of any polyhedrouf 
and we cause a maas of oil of the proper volume to adhere to this framework, 
we obtain, in fact, in a perfect manner, the polyhedron in qneation ; and the 
carious spectacle ia thus obtained of parallelopipedons, priBms, Ice., ocHnposed 
of oil, and the only solid part of which is their edges. 

To produce the adhesion of the liquid mass to the entire firameworki a 
volume is first given to the mass stigbtly larger than that of tbe polybedron 
which it is to form ; it b then placed in the framework ; and, lastly, by means 
of the iron spatula, ($ 9,) which most be introduced by tbe second aperture of 
tbe lid of the vessel, and which is made to penetrate the ma&e, the latter ia 
readily made to attach itself successively to tbe entire length of each of the 
■did edges. The excess of oil is then grado^y removed with the syringe, 
and all toe sor&cea thus, become eironltaneouslr exactly jplane. But that thie 
end may be attained in a complete manner, ft is clearfy requisite that the 
equilibrium of density between the oil and tbe alcoholic mixture should be 
perfectly established ; and the sligUtest difTerence in this respect is sufficient to 
alter the surfacee aeusibly. It ahonld also be borne in mina that the manipn* 
lation with the spatula sometimea occasions tbe introduc- 
tion of alcoholic bubbles into the interior of the mass of 
(»I. These are, however, easily removed by means of the 
syrii^e. 

31. Now, having formed a polyhedron, let us see what 
will happen if we gradually remove some of the liquid. 
Let UB take, for instance, the cube, the solid framework of 
which, with its suspending wire, is represented at Fig. 11.* 
Let the point of the syringe be applied near the middle of 
one of the faces, and let a email qnantity of tbe oil be drawn 
Bp. All the faces will immediately become depresBedeimnl- 
toneously and to the same extent, so that the auper- 
ficial square contours will form the bases of six similar hollow figures. We 
should have imagined this to have been the case for the maintenance of equality 
between the presanres. 

If fresh portions of the liqnid are removed, the faces will become more and 
more hollowed; bat to understand what happens when tbis manipulation is 
continued, we must here enunciate a preliminary proposition. Suppose that a 
square plate of iron, the aides of which are of the same length as the edges of 
the metallic fram^is introduced mto the vessel, and that a mass of oil equal 
ID Tolnme to thntvhich ia lost by one of tbe faces of the cube is placed in con- 
tact with one of the faces of this plate; I say that the liquid, after having 
bocome extended upon the plate, will present in relief the same figure as tbe 

* Tbe edges of aQ the ftamas which I tusd won T centltnMna In bnglh. 
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face of the modified cube presents in intaglio. Then, in fnct, in passing from 
the hollow Burfsce to that in relief, the radii of curvature cdrrespondiDg to each 
point wilt only change their signs without changing in ahsolute ralae ; conee- 
qnentlj, (§ 8,) since the condition of equilibrium is satisfied as regards the first 
of these surfaces, it wili be equally so with regard to the second. 

Now, let us imagine a plane passing through one side of the plate, and taa- 
eentially to'the surface of the liquid which adheres to it at that point. As 
long as this liquid is in small quantity, we should imagine — and experiment 
bears us out — that the plane in question will be strongly inclined towards the 
plate ; but if we gradually increase the quantity of liquid, the angle comprised 
between the plan%and the plate will also continue to increase, and inst^id of 
being scute, as before, will become obtuse. Now, bo long as this angle is less 
than 4.?°, the convex surface of the liquid adhering to the plate will remain 
identical with the concave surfaces of the mass attached to the metallic frame, 
and suitably diminished; but beyond this limits the coexistence in the frame 
of the six hollow identicfd surfaces with the stirface in relief becomes evidently 
impossible, for these surfaces muqt mutually intersect each other. Thus, when 
the withdrawal of the liquid from the mass forming the cube is continued, a 
'point is attained at which the figure of equilibrium ceases to be realizable in 
accordance with the ordinary law of pressures. We then meet with a new 
verification of the principle enunciated in | 38, *'. e., that the formation of 
layers commences. These layers are plane ; they commence at each of the 
wires of the frame, and connect the remainder of Ine mass to the latter, which 
continues to present six concave surfaces. In fact, we can imagine diat, by 
this modification of the liquid figure, the cxisteuce of the whole of this in the 
metallic frame again becomes possible, as aleo the equilibrium of the system; 
for there is then no further impediment to the concave surfaces assuming that 
form which accords with the ordinary law of pressures ; 
and, on the other hand) in supposing the layers to be suffi- 
ciently thin, the pressure belonging to them might be 
equal to that which corresponds to these same concave but- 
faces, (§ 25.) 

On removing still further portions of the liquid, the layer 
will continue to enlarge, whilst the full mass which oc- 
cnpies the middle of the figure will diminish in volume, 
and this mass can thus be rednced to very minute dimen- 
sions : Fig. 13 represents the entire system in this latte« 
state. It is even possible to make the little central mass 
disappear entirely, and thus to obtain a complete laminar 
system; but for this purpose certain precautions must be taken, which I 
■nail now point ont. When the central mass has become sufficiently small, 
the point of the syringe must first be thoronebly wiped ; otherwise the oil 
adheres to its exterior to a certain height, and this attraction keeps a cer- 
tain quantity of oil aronnd it, which the instrument cannot absorb into its 
interior. In the second place, the point of the syringe must be depressed to 
snch an extent that it nearly touches the inferior simace of the little mass. 
Daring the suction this surface is then seen to become raised, so as to touch 
the orifice of the instrument, and the latter then absorbs as much of the alco- 
holic mixture as of the oil ; but this is of no consequence, and the minute mass 
is seen to diminish by degrees, so as at last completely |p disappear. The 
system, then, consists of twelve triangular layers, each of which commenccB at 
one of the wires of the frame, and all the summits of which unite at the centre 
of the figure; it is represented in Fig. 13. But this system is only formed 
daring the action of the syringe. If, when this is complete, the point of the 
instrnmeut is slowly withdrawn, an additional lamina of g squaie farm u seen 
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to be developed in the centie of the figure, (Fig. 14.) This, tben, is the defini- 
tive Umiiuu system to which the liquid cube is reduced by die gradual diminu- 
tion of it« n 





32. In the preceding experiment, oa in that of paragraph 23. thft tbickneea 
of the layeie is at fint greater than that which would correspond to equilibrium. 
If, then, the system were left to itself whilst it still contains a cestral mass, wo 
should imagine that one portion of the liquid of the layers would be slowlr 
driven towards this mass, and that the layers would gradually become thinner. 
Uoreever, it always happens that one or the other of the latter increases after 
some time, nndoubtedly for the reason which we have already pointed out, 
(f 26.) Hence, for the perfect success of the transformation of the cube into 
the laminar system, one precaution, which has not yet been spoken of, must be 
attended to. It coneiBts in the circumstance that, from the instant at which 
the layers arise, the exhaustion of the liquid must be con^nued as quickly as 
possible imtU the central mass has attained a certain degree of minuteness. In 
net, as lioou as the formation of the layers commences, their tendency to 
become thinner also begins to be developed ; and if the operation is effected too 
slowly, the system might break before it was completed. When the central 
mass ia sufHciently rcdnced — and experience soop teaches us to judge of the 
suitable point — the action of the synnge must be gradually slackened, and at 
last the other precautions which we have mentioned must be taken. 

We are able, then, to explain the rupture of the layers so toug as there is a 
large or small central mass ; but when the laminar system is complete, we do 
not at the first glance see tbe reason why the thickness of the layers diminishes, 
and cODeequentlv whv deetmction of the system takes place. Nevertheless the 
mptore ultimately takes place in this as in the other case, and the time during 
which the system persists rarely extends to half an hour. In ascertaining the 
cause of this phenomenon, it must be remarked that tbe intersections of the 
different layers cannot occur suddenly, or be reduced to simple lines ; it is 
evident that the free transition between two liquid surfaces could not be thus 
est^lished in a discontinuous manner. These transitions must, therefore, be 
effected through the intermedinm of minute concave surfaces, and with a little 
attention we can recognize that, in fact, this really takes place. We can then 
understand that the oil of the layers ought also to be driven towards the places 
of junction of the latter; and consequently the absence of the little central 
mass does not prevent the gradual attenuation of the layers, and the final 
destruction of the system. 

33. If, during the action of the syringe, whqn the system shown in Fig. IS 
has been attained, instead of slowly withdrawing the instrument, it is suddenly 
•detached by a slight shake in a vertical direction, tbe additional layer is not, 
developed ; but the little mass in Pig. 12 is seen to be reproduced very rapidly. 
This fact confirms in a remarkable manner the explanation which we have 
given in the preceding paragraph. In fact, at the moment at which the point 
of the instrument is separated from the system, the latter may be considered 
as composed of hollow pyramids. Now it also follows, from causes relating to 
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their cootiuuitj, that the saiumit§ of theee pyramids abovld not conBtitnte sim- 
ple paints, but little concave snrfacea. But as the curvatures of these minute 
surfaces are very great in every direction, they would give rise to BtiU &r less 
pressure tb an those which establish the transitions between each pair of sni- 
laces of the layers; for in the latter there is no curvature in one direction. 
The oil of the layers will, therefore, be driven with much greater force towards 
the centre of the figure than towards the other parts of the jnnctiona of these 
layers. Again, the twelve layers terminating in this same centre, the oil flows 
there simultaneouly from a large nnmberof sources. These two con current causes 
ought then, in conformity with experiment, to produce the rapid reappearance of 
the small central mass ; and we can understand why it is impossible to obtain the 
complete system of the pyramids otherwise than dnring the action of the syringe. 
34. All the other polyhednc liquids become transformed, like the cube, into 
laminar systems when the mass of which they are composed i^ gradually 
diminished. Among these systems some are complete ; the others stiU contain 
very small masses, which cannot he made to disappear entirely. Analogous 
considerations to those which we applied with regud to the cube would show, 
in each case^ that liie formation of layers commences as soon as the hollow 
Burfsces which would correepond to the ordinary law of pressniss cease to b« 
ible to coexist in the solid frame. Figs. 15, 16, 17, and 18 re|»«8eiit die 
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laminar systems resulting from the triangular prism, the hexahedral priam, the 
tetrahedron and the pyramid with a square base, these systems being supposed 
to be complete. Tbey are all formed of plane layers, commencing at each of 
the metallic wires; and that of the hexahedral prism, as is shown, contains an 
additional layer in the centre of the figure. 



Fig. IS. 
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35. The syatem aiismg from the regnlar octohedron present* a singidar 
exception, which I have not been able to explain. The layo* of which this 
system is composed are curved, and form a Antastical group, of which it is 
'(Ufficult to give an exact idea by graphic reprwentalioos. JPig. 19 exhibits 
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them projected apon two rectangular vertical planes ; and it is eecn tbat the 
aepectB of the Bjatem observed upon two adjacent sides are inverse as regards 
each otlier. The formation of this system presents a cnrione pecoliaritr. At 
the commencement of the operation all the faces of the octohedron become 
aimoltaneonalj hollow; the layers in progress of formation are plane, and 
airangcd symmetrically, so that the system tends towards the form represented 
at Fig. SO. But when a certain limit is attained, a sudden change occurs, the 
layers become curved, and the system tends to assume the singular form which 
we have mentioned. I have several times repeated the experiment, varying 
the circumstances aa much as possible, and the same effects are always pro. 
dttced. 

In the course of this memoir I shall point out another process for obtaining 
laminar systems; it is an extremely simple one, and has moreover the advan- 
tage of producing all die systems in a complete state. 

36. In concluding our obscrvatious upon polyhodric liquids, I shall remark 
that the triangular prism may be employed to produce the phenomena of dis- 
persion. In this way a beautiful solar spectmm may be obtained by means of 
a prism with liquid faces. But as the effect only depends upon the excess of 
the refracting action of the oil above that of the alcoholic liquid, to obtain a 
considerably extended spectrum the angle of refraction of the prism must be 
obtuse; an angle of llflM gives a very good result. Uoreover, it is evidently 
requisite that ^e faces of the prism should be perfectly plane, which is obtained 
by ustn^ a carefully made fmme ; by establishing exact equilibrium between 
the density of the liquids ; and, lastly, by arresting the action of the syringo 
exactly at die proper point. 
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Other Jlgvra of Revaiuttoit btnde* the Sphtre. Liquid Cylinder. 

37. Let as now eodeaTor to form some nev liquid figures. Those best 
adapted to theoretical coneiderations would be figures terminated by surfaces of 
reTolulioQ other than the sphere and lenticular figures, which we have already 
studied. Surfaces of revolution enjoy simple properties in regard to the radii 
of the greatest and least curvature at every point ; we know that one of these 
two radii is the radius of curvature of the meridional line, and that the o^er is 
that portion of the normal to this line which is included between the point under 
consideration and the axis of revolution. We shall now endeavor to obtain 
figures of this nature. 

38. Let our solid system be composed of two rings of iron 

1./W. £0?!' wire, equal, parallel, and placed opposite to each other. One 
of these rings rests upon the base of the vessel by three feet 
I I composed of iron wire ; the other is attached, fay means of an 

1,^— I intermediate piece, to the axis traversing the central stopper, 

'C ^ so that it may be approximated to or removed from the former 

— ■ — — by depressing or elevating this axis.* The system formed 

■ by these two rings is represented in Plato VII, Fig, 20 Sm; 

r^ ^ the diameter of those which I employed was 1 centimeters. 

V^^_ „„-^ After having raised the upper ring as much as possible, 

' ' ' let a sphere of oil, of a slightly larger diameter than that of 



\ \ 



the rings, be formed, and conducted towards the lower ring 
in such a manner as to make it adhere to the entire circum- 
ference of the latter; then depress the upper ring until it 
mee into contact with the liquid mass, and the latter is uniioimly attached to 
When the mass faaa thus become aidherent to the system of the two rings, 
let the upper ring be slowly raised; when the two rings are 
_^ia.2i. ^ ^ proper distance apart, the liquid will then assume the 

fonn the vertical projection of which is represented in Fig. 
. 21, in which the lines a b and c ti are the projections of the 
rings. The two portions of the surface which are respect- 
, ively applied to each of the rings are convex spherical seg- 
ments; and the portion included between the two rings con- 
stitutes a figure of revolution, the meridional curve of which, 
as is shown, is convex externally. We shall recur, in the following series, to 
this part of the liquid figure. If we now continue gradually to raise the upper 
ring, the curvature of the two extremities and the meridional curvature of the 
intermediate portion will be diminished ; and if there is exact equilibrium be- 
tween the density of the oil and the surrounding liquid, the 
I^M. surface included between the two rings will be seen to assume 

a perfectly cylindrical form, (Fig. 22.) The two bases of the 
I liquid figure ore still convex spherical segments, but their cur- 
vature ia less than in the preceding figure. If the interval 
between the rings be still further increased, it is evident that 
the surface included between them would lose the cylindrical 
form, and that a new figure would result. This is what 
occurs; bat the consideration of the figure thus produced must be deferred. 

Instead, then, of immediately increasing the distance between the rings, let 
us commence by adding a certain quantity of oil to the mass, which will again 

* Id tbo experiments which we are now about lo describe, the ahorl aib represented ii 
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reader the Burface iacluded between the rings convex. Let ub then grodiially 
elerate the upper ring, and we shall produce & cylinder of greater he^ht than 

-Kf! 23. j^. 24. 



the first. If we repeat the Bsme manipnlation a suitable number of times, we 
ebaU ultimately obtain the cylinder of the gieateet height which onr apparatuB 
permits. I have in this manner obtained a perfectly cylindrical mass 7 cen- 
timetere in diameter, and about 14 centimeters in height, (Fig. 23.) To allow 
of the cylinder of this considerable height being perfect, it is requisite that per- 
fect equality be established between the densities of the oil and the alcoholic 
liquid. As a very slight difference in either direction tends to make the masB 
ascend or descend, the latter assumes, to a more or less marked extent, one of 
the two forms represented in Fig. 24. Even when the cylindric form baa been 
obtiUQed by the proper addition of alcohol of 16°, or absolute alcohol, as occa- 
Bion may require, (§ 24 of the preceding memoir,} slight changes in tempera- 
ture ore sufficient to alter and reproduce one of the above two forma. 

39. Let us now examine the results of these experiments in a theoretical 
point of view. First, it is evident that <i cylindrical surface satisfies the genera! 
condition of equilibrium of liquid figures, because the corvatuies in it are the 
eame at every point. Moreover, such a soiface being convex in every direction 
except in that of the meridional line, where there ia no curvature, the pressure 
GOrreepooding to it ought to be greater than that correaponding to a plane sur- 
face. The same conclusions are deducible from the general tormufie [2) and 
(3) of paragraphs 4 and 5. In fact, aa we have already stated in paragraph 37, 
one of the qULintitiee B and &' is the radius of curvature of the meridional line, 
and the other is the portion of the normal to this line included between the 
point under consideration and the axis of revolution. Now, in the case of the 
cylinder, the meridional line being a right Hue, its radius of cnrvatore ia every- 
where infinitely gteatj and, on the other bond. Ibis same right line being 
parallel to the axis of revolution, that portion of the normal which constitutes 
the second radius of curvatnre in nothing more than the radius itself of tbe 

cylinder. Hence it foUows that one of the terms of the quantity n + sy dis- 
appears, and that the other is constant; this some quantity is, therefore, con- 
- stont, and consequently the condition of equilibrium is satisfied. Now, if we 
denote by i the radius of the cylinder, the general value of the pressure for 
this sori'ace would become 

Now A being positive hecanse it is directed towards the interior of the liquid, 
({ 4,) the above value ia greater than P, i. e., than that which would correspond 
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to m plane anr&ce. It ie, therefore, evident that the bases of oor liquid cyliader 
amat necessarily be convex, aa is shown to be the caae by experiment ; for ae 
eooilibrinm requires that the pressures should be the same tbrongliont the 
wnole extent of the figure, these bases must produce a greater preeanre than 
that tchich corresponds to a plane surface. 

Our plane fig^i then, fully satisfies theory ; but verification may be urged 
still further. Theory allows us to determine with facility the radius of those 
spheres of which the basea form a part. In £act> if we represeDt this radius by 
X, the formula (1) of paragraph 4 will give, for the pressure coireeponding to 
the spheres in question, 

Now, as this pressure must be equal to that corresponding to tho cylindrical 
eni&ce, we shall have 

P+|4=P + A.l, 

from which we may deduce 

x=2i. 
Thus tho radius of tlie curvatuie of tlto spherical segments eanstituting the 
bases ia equal to the diameter o£ the cylinder. 
Hence, as we know the diameter, which is the same aa that of the solid 



rings, we may calculate the hraght of the sphoical segments ; and if by Miy 
process we afterwards measure this height in the liquid figure, we shall tliiia 
nave a verification of theory even as regards the nombert. We shall now 



investigate this snbjecL 

40. If we imagine the Uqnid figure to be intersected by a meridiooal plane, 
the section of e^ of the segments will be an arc belonging to a circle, the 
radius of which will be equal to 2i, aceording to what we have alrendy stated. 
and the versed sine of half this arc will be the height of the segment. If we 
suppose the metallic filaments forming the rings to be infinitely sumll, so that 
each of the segments rests upon the exact circumference of the cylinder, the 
chord of the above arc will also be equal to £•) ; and if we denote tbe height of 
tba segments by A, we shall have 

Now, the exact external diameter of my rings, or tho value of 2<l, correepoad- 
ing with my experiments, was 71.4 millimeters, which gives A^9.57 miUime- 
ters. But as the metallic wiree have a certain thickneea, and the segmente do 
not rest upon the external circumference of the rings, it follows that the chord 
of the meridional are is a little lees than 2i, and that, consequently, the true 
theoretical height of the se^meuta ia a little less than that given by the pre- 
ceding formula. To detesrmine it exactly, let us denote the chord by Sc, which 
will give 

Now, let us remark that the meridional plane intersects each of the rings in 
two small drclos to which the meridional arc of the spherical segment ia tan- 
gi.'uUul, and upon each of which the chord of this arc intercepts a small circular 
Mf^UMit. Tho meridional ore being tangential to the sections of the wire, it 
f(ilK>w« that the above email circular se^enta are similar to that of the spheri- 
m1 wfnent ; and as the chord of the latter dififera bat very slightly from tho 
f^-^j i^ the circle to which the are belongs, the chords of the small circular 
,(^fiM*t* nta>' he cousidered as e^nal to the radius of the small sections, which 
••^ « w shall denote by r. It is moreover evideut that the excess of tho ex- 
s,^ mJmi at tbe ring over half the chord c ia nothing mens U)ai((t^e,^fflM 
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of tbe radius r over half the chord of the smnll circular segmentB, which half 
chord, in accordance with wbat we h&ve stated, is eqnal to ^. Thence we 

get i — e = ^, whence c = ^ — ^, and we have only to sufastitnte tbii value 
ID the preceding formula to obtain the trae theoretical value of i. The thick- 
ness of the wire forming my ringa is 0.74 millimetera ; hence t-r ^ 0.18 milli- 
meters, which gives as' the true theoretical height of the segments tinder these 



i=9.46 millimeters. 
I may remark that it is difficult to distinguish in the liquid figure the precise 
limit of the segments, t. e., the circumferences of contact of their surfaces with 
those of the ringa. To get rid of this inconvenience, I measured the height of 
the segments, commencing only at the external planes of the rings; i. e., in the 
case of each segment, commencing at a plane perpendicular to the axis of revo- 
lution, and resting upon die surface of the ring on that side which is opposite 
the summit of the segment. The quantity thus measured is evideutly equal to 
the total height minus the versed sme of the small circular segments which we 
have considered above ; consequently these small circular segments being simi- 
lar to that of the spherical segment, we obtain for the determination of this 

versed sine, which we shall denote hj J", the proportion -=^. which In the 

2*" 
esse of our liqoid figure gives /^ 0.05 millimetera, whence 

A— y=9.41 millimeters. 
This, then, is definitively tfae theoretical value of the quantity wfaicb was required 
to be measured. 

41. Before pointing out the process which T employed for this purpose, and 
communicating the result of the operation, I must preface a few important 
remarks. If the densities of the alcoholic mixture and of the oil ore not rigor- 
ously equal, the mass has a slight tendency to rise or descend, and the height 
<^ one of the segments is then a little too great, whilst that of tfae other ia a 
little too small ; but we can undcmtand that if their difference is very small, on 
exact result may still be obtained by taking the mean of these two heights. 
We thus avoid part of those preliminary experiments which the establishment 
of perfect equality between the two densities requires. But one circumstance 
which requires tfae greatest attention is the perfect homogeneity of each of the 
two liquids. If this condition be not fulfilled with regard to tbe alcoholic mix- 
ture, t. e., if the upper part of this mixture be left containing a slightly greater 
proportion of alcohol than the lower portion, the liquid figure may appear 
tegular and present equal segments ; all that ia required for thia is, that the 
mean density of that part of the mixture, which is at tbe same level as the 
mass, must be equal to the density of the oil ; but under these circumstances 
the level of the two segments is too low. In fact, tbe oil forming the upper 
segment is then in contact with a less dense liquid than itself, and, conse- 
quently, has a tendency to descend, whilst the opposite applies to tbe oil form- 
ing the inferior segment.* Heterogeneity of tbe liquid produces an opposite 
effisct, I. e., it renders tbe height of the segments too great. In fact, the least 
dense portions rising to the upper part of the mass tend to lift it up, whilst the 
most dense portions descend to the lower piu^, and tend to depress iL Now, 



nnnedTuM bans of which are absolnldj plane. 
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the qnantjties of poro alcohol, and that at 16° added to the alcoholic mixtnn 
to balance the maas, ncceeaarilv produce an alteration in the homogeneity of 
the oil ; for, in the firet place, the oil daring theee operations being in contact 
with mixtnrea which are Bometimee more, lometimea lesa charged with alcohol, 
muet absorb or loee some of this by ita eorface ; in the second place, these same 
additions of alcohol to the mixture dimiDieb the satniution of the latter with 
the oil, BO that it removes some of it from the mass ; and this action is nndoabt- 
cdly not equally exerted apon the two principles of which the oil is composed. 
Hence, before taking the mcasoiea, the different parts of the oil must be inti- 
mately mixed together, which may be effected by introducing an iron epatuU 
into tne mass, moving it about in it in qjl directions, and this for a long time, 
because the mixture of the oil can only tie perfectly effected with great diffi- 
culty on account of its viscidity. 

To avoid the influence of the reactions which render the oil heterogeneous, 
the operations mast be conducted in the following manner : The mass beinff 
iutroanccd into the vessel and attached to the two rings, and the equality of 
the densities being perfectly established, allow the mass to remain in the alco- 
holic liqnid for two or three days, re-cstablifihing from time to time the equi- 
librium of the densities altered by the chemical reactions and the variations of 
tomj'crature. Afterwards remove the two rings from the vessel, so that the 
tnais remains free ; remove almost the whole of this, by means of a siphon, into 
a bottle, which is to be carefully corked ; withdraw with the syringe the small 
)>orlion of oil which is left in the vessel, and reject this portion. Next replace 
the two lings, and mix the alcoholic liquid perfectly ; then again introduce the 
oil into the vessel, taking the precaution of enveloping the bottle containing it 
with a cloth several limes folded, so that the temperature may not he seneibly 
altered by the heat of the hand.* Then attach the mass to the lower ring only, 
tl^ upper ring being raised aa much as possible ; mix the oil intimately, as we 
have said above ; then depress the upper ring, cause the mass to adhere to it, 
elevnle it so as to form an exact cylinder, and proceed immediately to the 
moasurvment. 

* Tlio fulloiriDft is the reason wh; tbe oil most be ramoved from the vtuel before emplof- 
liifT <l (M ■tu' experiment. After hnving lemoioed & cansidereble time in tbe alcobolic liqnid, 
till' oil broumra enveloped b; a kind ol' Ihin pellicle ; or, more itrictlj gpeakiiig^, tbe soper- 
flclnl In^r o( Iho loaas hu lost part of iu liqaiditj, an eSect which nndonbtedlf arises from 
tho tiDequnl aclion of Lbe alcohol, upoD (be principles of which (he oil in composed. Tbe 
iini-KMarv rvailll of Ibia ia, (hat tbe mus loses at tbe same time part of ita tendency to bssnae 
■ ilcli-niiiiiale flKtit^ of equilibriam, which tendency muit, tberefore, be completely restored 
This la why tbe oil is wilhdnwn by the siphon. In fact, the pellicle doea n ' 



111 11. This la why tbe oil is wilhdnwn by the siphon. In fact, the pellicle doea nut pene- 
trate the lulrrlOT of the latter, and during its contraction continnea to envelop tbe small por- 
I ~ Ibo latter has been removed by the ayringe, which ultimately 



implclcly rid of the latter, 
ie thickness and comietenco of the pellicle are too slight to 
c its prrsonc* ; bat when the opoiaiion of the siphon is nearly 
ins considerably reduced, we find that the anrf&ce of the i&tt«r 
Lbe existence of an envelope. Moreover, wh^n the siphon is 

mass, which thcu remaius freely anspended in the alcoholic 
spherical form, bnt retains an irr^alar aspect, appearing to 
ny regular form. 

lo Ggnrea of eqnilibrinm, arising from a dlmination in lbe 
rer, constitutes a new and curioaa proof of the fandamenlaJ 
, (H <> 6u and IU to 16.) M. Ilsgen (mmoin nr la Sar/occ 

of tbe Academy of Berlin, ]M5) has observed a remarkable 
ippean to be related. It consists in this, that (be surface of 
nc, undergoes a pecoliar modification, in consequence of which 
try spaces to elevations which are very distinctly Icsa (ban is 
unipt or freed from this aUemtion. This fact might, perhaps, 
t the wuter dissolves a small proportion of the substance of the 
iict, and that ihe external air acts chemically at tbe sorface of 
dissolved, thus giving rise to the formation of a slight pallida 
ho inoleciUai forcsa. O^^IC 
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42. The iDStniment beet suited for eSectJog the latter operations in an exact 
manner is nndotibtedlj that which has received the name of cathttmneter, and 
which, as u well known, conaiate of a faonzootal telescope moving aloog a rer- 
ticai divided rule. The distance comprised between the summits of the two 
sefrments is first measured by the ^d of this instrument ; the distance included 
between the external planes of the two rings (§ 40) is then measured hy the 
same means. The difference between the first and the second result evidently 
gives the sum of the two heights, the mean of which must be taken ; and, con- 
sequently, this mean, or the quantity sought, A —f, is equal to half the differ- 
ence in question. 

The determination of the distance between the external planes of the rings 
requires peculiar precantions. First, as the points of the rings at which we 
must took ^re not exactly at the external surface of the figure, the oil inter- 
posed between these points and the eye must produce some effects of refraction, 
which would introduce a slight error into the valne obtained. To avoid this 
inconvenience, we need only expose the rings by allowing the liquids to escape 
troja the vessel by the stop-cock, (note 2 to § 9,) then remove the minute portions 
of the liquid which remain adherent to the rings by passing lightly over their 
sor&ce a small strip of paper, which must be introduced into the vessel through 
the second aperture. The drops of alcoholic liqnid remaining attached to the 
inner snrface of the interior side of the vessel must also be absorbed in the 
same manner. In the second place, as it would be difficult for the rings to be 
rigoronsly parallel, their distance must be measured from two opposite sides 
of the ayetem, and the mean of the two valves thns found taken. The follow- 
ing are the results which I obtained : The mensuration of the distance between 
the summits gave first, in four successive operations, the values 76.77, 76.80, 
7ti.8S, and 7C.75 milli neters, the mean of which is 76.79 millimeters. But after 
the alcoholic liquid had been again agitated for some time, to render its homo- 
geneity more certain, two new measurements taken immediately afterwards 
eave 77.0S and 77.00 millimeters, or a mean of 77.02 millimeters. The distance 
between the external planes of the rings was found, on the one hand, by two 
observations, which agreed exactly, to be 57.73 millimeters; on the other band, 
two observations fumiehed the values 57.87 and 57.85 millimeters, or asXhe 
mean 57.86 millimeters. Taking, then, the mean of these two results, we get 
57.79 millimeters as the value of the distance between the centres of the ex- 
ternal planes. Hence, if wo assume the first of the two values obtained for the 
distance of the snmmits, 76.79 millimeters, we find 

, , 76.79 — 57.79 „ ^„ .„. 

h — f^ -g = 9.50 milhmet«rs ; 

and if from the second result, 77.02 millimeters, we find 
, „ 77.02 — 57.79 
h—f= 2 =9.61 millimeters. 

These two elevations evidently differ but little from 9.41 millimeters, the 
altitnde deduced from theory, (§ 40;) in the first case the difference does not 
amount to the yjgth part of this theoretical value, and in the second it hardly 
exceeds i j^ths. These differences undoubtedly arise from slight remains of 
heterogeneity in the liquids ; it is probable that in the first caae neither of the 
two liquids was absolutely homogeneous, and that the two contrary effects 
which thence resulted (§ 41) partly nentr^ized each other, whilst in the second 
case, the alcoholic liquid being rendered perfectly homogeneous, the effect of the 
slightbeterogeneityoflheoilcxertedits full influence. Ilowever this may be, these 
differences in each case are so small that we may consider experiment as in accord- 
ance with theory, of which it evidently presents a very remarkable confirmation. 

43. Mathematically considered, a cylindrical surface extends indefinitely in 
the direction of the axis of revolution. Hence it follows that the cylinder 
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iucludud between the two rinp eooBtitntea one portioa only of Ae complete 
figure of equilibrium. Hence aIbo, if tbe liquid miias were free, it eonla not 
assume the cylindrical form as the figure of eqnitibriuta ; for the Tolnme of this 
masfl being limited, it would be neceeaary that the cylinder should be tcmji- 
nated on both sides by portions of the surtace presenttog other corraturee, which 
would not admit of the law of continuity. Bot this heterogeneity of cnrratnre, 
which is impossible when the mass is tree, becomes realizable, as onr experi- 
ments show, through the medium of Bolid rings. Aa each of these lendere the 
corvatnres of the portions of the sorface resting upon it (j SO) independent of 
each other, the surface comprised between the two rings may Uien b« of eylin- 
drical cnrvatnre, wbJIst the two bases of the figure may present sphnical 
carTatnrea. We therefore arrive at the very remarkable result, that with a 
liquid moss of a limited Tolnme we may obtain isolated portions of figures of 
eqoilibrinm, which in their complete state would be extended indefinitely. 

44. With the view of obtaining a cylinder in whjcfa the proportion between 
the hdght and the diameter was still greater than that in Fig. 23, I replaced 
the rings provionsly employed by two others, the diameter of which was only 
2 centimeters. I Diet tried to m^e a cylinder 6 centimeters in height, i. e., the 
height of which was thrice the diameter; and in this operation I adopted a 
slightly difierent process from that of paragraph 38. The uniformity in the 
density of the two liquids being accumtely established, I first gave the mass of 
oil a somewhat lai^r volume than that which the cylinder would contain; 
having then attached the mass to the two rings, I elevated the upper ring until 
it was at a distance of 6 centimetere from the other; this distance was measnred 
by a scale introduced into the vessel and kept in a vertioal position by the side 
of the liquid figure. In consequence of the exceas of oil, the meridion^ line of 
the figure waa convex externally; and as there was still a slight difierenoe 
between the densities, this convexity was not symmetrical in regard to the two 
rings. I corrected this irregularity by successive additions of pure alcohol 
and alcohol of 16°, an operation which requires great circumBpection, and 
towards the end of which these liquids could only be added in single 
j^ £4. drops. The figure being at laat perfectly symmetrical, I c»efnlly re> 
« moved the excess of oU by applying the point of the syringe to a point 
^^fk at the equator of the mass, and in this manner I obt^ned a perfect 
cylinder. Subsequently, after having added some oil to the mass, I 
increased the distance between the rings until it was equal to 8 centi- 
■'■ meters, t. t., to four times their diameter. The oil was in sufficient 
\ quantity to allow of the meridional line of the figure being convex ex- 
; temally ; but the curvature was not perfectly symmetrical, and I en- 
countered still greater difficulties in regulating it than in the preceding 
case. The defect in the symmetry being nitimately corrected, the meri- 
dional convexityprescnted a versed sine of about 3 millimeters, (Fig. 25.) 
I then proceeded to the removal of the excess of oil ; but before the versed sine 
wae reduced to 2 millimeters, the figure appeared to have a tendency to become 
thin at its lower part and to swell out at the upper part, as if the oil 
Hg. ZS- had suddenly become slightly increased in density. At this moment I 
withdrew the syringe, so as to be enabled to observe the effect in ques- 
I tion bettor; the change in form then became more and more prononuced; 
I the lower port of the figure soon presented a true strangulation, the 
I nock of which was situated nearly at a fourth part of the distance be- 
F tween the rings, (Fig. 26;) the constricted portion continued to narrow 
gradually, whilst the upper part of the figure became swollen j finally, 
the liquid separated into two unequal masses, which remained respect- 
ively adherent to^ the two rings; the upper mass formed a complete 
\ sphere, and the lower mass a doubly convex lena. The whole of Uiese 
phenomena lasted a very short time only. ( 'nnoir 
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With a view to determine whether nny particular cause had in reality pro- 
duced the alteration of the densities, I approximated the linga; then, aitai 
bkving renoitcd the two liquid masses, 1 again carefully r^sed the upper ring, 
ceasing at the height of 7^ centimeters, so that the versed sine of the meridional 
convexity was slightly greater than when tliia was 8 centimeters. The figure 
was then found to be perfectly symmetrical, and it did not exhibit any tendency 
to deformity ; whence it follows that the uniformity in the densities had not 
experienced any appreciable alteration. I recommenced, with still more •care, 
the experiment witli that figure which was 8 centimeters in height ; and I woi 
enabled to approach the cylindrical form still more nearly ; but before it wai 
attained, the same phenomena again presented themselves, except that the 
alteration in form was effected in an inverted manner, i. e., the figure became 
tuuTOw at the upper part and dilated at the base ; so that after the separatioa 
into two masses, the perfect sphere existed in the lower ring and the lens in the 
upper ring. On subsequently uniting, as before, the two masses, and placing 
the rings at a distance of 7 j centimeters apart, the figure was again obtained ia 
a regular and permanent form. Thns when we try to obtain between two solid 
rings a liquid cylinder the height of which is four times the diameter, the figure 
always breaks up spontaneously, without anyapparent cause, even before it 
has attained the exactly cylindrical form. Now as the cylinder is necessarily a 
figure of equilibrium, whatever may be the proportion of tlie height to the 
diameter, we must conclude that the equilibrium of a cylinder the height of 
which is four times the diameter ia unstable. As the shorter cylinders which I 
had obtained did not present analogous efiects, I was nnzioua to satisfy myself 
whether the cylinders were really stable. I therefore again formed a cylinder 
6 centimeters in height with the same rings ; but this, when left to itself for a 
full half hour, presented a trace only of alteration in form, and this trace ap- 
peared about a quarter of an hour after the formation of the cylinder, and did 
not Bubseqnently increase, which sbowa that it waa dae to some slight accidental 
canse. 

The above facts lead us then to the following conclnsions : 1st. that the cyl- 
inder constitutes a figure the equilibrium of which is stable when the proportion 
between its height and its diameter ia equal to 3, and with still greater reason 
when this proportion ia less than 3 ; 3d. tbe cylinder constitutes a figure the 
equilibrium of which is unstable when the proportion of its height to its diameter 
is eqnol to i, ?nd with still greater reason when it exceeds 4; 3d, consequently 
there exists an intermediate relation, which corresponds to the pai>sagc from 
Stability to instability. We shall denominate this latter proportion (he limit of 
tht ttability of tke cylinder. t 

45. These conclnsious, however, are liable to a well-founded objection. Onr 
Uqnid figure is comple.t, bi'cauae its entire surface is composed of a cylindrical 
portion and of two portions which present a spherical curvature. Now we can-' 
not affirm that these latter portions exert no influence upon the stability or the 
instability of the intermediate portion, and consequently upon the value of tho 
proportion which constitutes the limit between these two states. To allow of 
the preceding conclusiona being rigorously applicable to the cylinder, il would 



be requisite that the figure should present no other free surface than the cylii 
drical surface, which ia easily managed by replacing the rings by entire disks, 
I effected this snbstilution by employing disks of tbe same diameter as the pre- 



ceding rings, but the results were not changed ; the cylinder, 6 centimeters ii 
height, waa well formed, and was found to be stable ; whilst the figure 8 eenti- 
loetcrs in height began to change before becoming perfectly cylindrical, and wai 
rapidly destroyed. The final result of this deatruction did not, however, consist 
aa in the case of the rings, of a perfect sphere and a double convex lena, but, 
as evidently ought to have been the case, of two tineqnal portions of spheres, 
17 a" ^ ,v^i(.)(.M^IC 
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respectively adherent to the two opposite solid enifacGS. The limit of the 
■tability of the cyliDder, therefore, really lies between 3 and 4. 

The experiments which we have just related are very delicate, ■and reqnire 
eonpe skill. la this, as in all other cases of measurements, the oil must be 
ftilowed to remain in the alcoliolic mixture for two or three days, then the pel- 
licle must be removed from it. (note to p. 254;) afterwards, when the mMia, 
after having been again introduced into the vessel, has been attached to the two 
Bolid disks, some time must be allon-ed to elapse ia order that the two liquids 
may be exactly at the same temperatut*; moreover, it must be understood that 
the experiments should be made in an apartment the temperature of which 
remains as constant na possible. Lastly, it is scarcely necessary to add, that 
when the alcoholic liquid is mixed, after having added small quantities of pots 
alcohol or alcohol at 16°, the movements of the spatula should be very slow, so 
ab to avoid the commnnication of too much agitation to the mase of oil ; we are 
even sometimes compelled momentarily to depress the upper disk, so as to give 
greater stability, to the mass, and thus to prevent the movements in question from 
producing the disunion. 

4G. It might be asked whether the want of symmetry, which -3 constantly 
■een in the spontaneous modification of the above unstable figures, is the resalt 
of a law which governs these figures ; or whether it simply arises, as we should 
be led to believe at first sight, from imperceptible differences still existing be- 
tween thedensities of the two liquids, which differences actiogupouunstablcfigurea 
might produce this want of symmetry, notwithstanding their extreme minnteneas 

After having concluded the preceding experiments, I imagined that to solve 
the question in point, all that would be requisite would he to arrange matters ao 
that the axis of the figure, instead of being vertical, as in the above experimenta, 
should have a horizontal direction. In fact, in the latter case, the slightest 
difference between the densities ought to have the effect of slightly curving the 
figure, but evidently cannot give the liquid any tendency to move in greater 
quantity towards one extremity of the figure than the other; whence it follows, 
tnat if the spontaoeous alteration of the figure still occurs unaymmetrically. 
this can only be owing to a peculiar law. 

On the other hand, if the figure really tends of itself to change its form nn- 

r metrically, it is clear that, in the case of the vertical position of the nxia, 
jffectof a trace of difference between the densities ought to concur with that 
of the instability, and thus to accelerate the moment at which the figure com- 
mences to alter spontaneously. Consequently, on avoiding this cxtraneooe 
cause by the horizontal direction of the axis of the figure, we may hope to 
approximate more neatf^ to the cylindrical form, or even to attain it exactly; 
we can, moreover, understand that the difficulty in the operations will be found 
to be considerably diminished. 

I therefore constructed a solid system, presenting two vertical disks of the 
same diameter, placed parallel with each 
^ fi% other, at the same height, and opposite 

./iff. ,27. I'll each other. Each of these disks is sop- 

™ ported by an iron wire fixed normally 

to its centre, then bent vertically down- 
wards, and the lower extremities of 
these two wires are attached to a hori- 
zontal axis furnished with four snuill 
feet. This system is represented in 
perspective in Fig. 27. llie diameter 
of the disks is 30 millimeters, but the 
distance which separates them is not 
four times this diameter. I thought tliat 
by approximatmg die figure moro to the limit of stability, the operations 
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mold require still less trouble; the distance in qacstjon is onlj 108 millime- 
ten, so that the relation between tlie loDgth and the diameter of the liquid 
cylinder which would extend between the two disks would be equal to 3,6. 

We shall now detail the results obtained by the employment of this system. 
In the first place, the operations were much more easily performed.* In the 
second place, the figure still had a tendency to deformity before it hod be^ 
rendered perfectly cylindrical ; but this tendency always exhibited itself unsym- 
metricalty, aa in tlio vertical figures ; from which circumstance alone we might 
eoDclude that the nnBymmetrical nature of the phenomenon is not occasioned by 
» difference between the densities of the two liquids. In the thirdplacc, by ft 
Kttle mimagement, I bare pursued the experiment further, and succeeded in 
fonning an exact cylinder.f This lasted for a moment ; it then began to be 
iwrrowcd at one port of its length, becoming dilated at the other, like the verti- 
cal figures; and the phcnomenonof disunion was completed in the some manner, 
pving rise ultimately to two masses of difierent Tolnmes, 

I repeated the experiment several times, and always with the same results, 
except that the separation occurred sometimes on one, sometimes on the other 
side of the middle of the length of the figure. However, although the phe- 
■Kimecon is produced in an iinsymmctrical manner witb regard to the middle of 
the length of the figure, whether borizoutd or vertical, on the contrary there is 
shvaya symmetry with regard to the axis ; in other words, throughout the dura- 
tion of the phenomenon the fignre remains constantly- a figure of revolution. 
We may add here, that in the horizontal figure the respective lengths of the 
constricted and dilated portions appear to be equal ; wc shall show, in the fol- 
lowing series, that this equality is rigorously exact, at least at the commencement 
of the phenomenon. 

It is now evident that tbe alteration in the form of these cylinders is really 
tbe result of a property which is inherent in them. We shall hereafter deduce 
tbia property as a necessary consequence of the laws which govern a more 
general phenomenon. 

It moreover results from the above experiment that the proportion 3.6 b still 
greater than the limit of stability, so that the exact value of the latter must lie 
between the numbers 3 and 3.G. It is obvions that this method of experiment 



might be employed to obtain a closely approximative determination of the value 
in qaestion ; I propose doing this hereafter, aed I shall give an account of the 
result io tbe following series, when I shall have to return to tbe question' of the 
limit of stability of the cylinder. 

47. In the unstable cylinders which we have just farmed, the proportion of 
tlie length to the diameter was inconsiderable; hut what would be tue cose if we 
were to obtain cylinders of great length reUtively to their diameter t Now, 
nndcr certain circumatances, figures of this kind, more or Icbh exactly cylindri- 
cal, may be realized, niidwe shall proceed to see what the resulta of the spon- 
taneous rupture of equilibrium are. 

* Tbe two disks in this soUd BVBtem beln^ placed at an invariable distance {torn each 
otber, it is neccssarf , in makiog a moss of oil, tbe volume of wbicb is not too great, adhere 
W them, to emploj an extra piece CDDBistiug of a nag of iron wire pf Ibe eame dUinctor as 
> tlM diaks, supporUKl b; a straiebt wire uf tbe eaine meial, tbe froo extremity of which is held 
in the haad. Bj meana of tins ring the rnuM, nhi|jli ha* been previous ty attached to one of 
tbe dJ4k«. is diswQ out uDtil it is cmiall? aiiorlioJ to the other ; thD ring is iheu removed. 
Tbe latter removes a ematl portion ofthe maBS at the snnje time : but ou teiiTiDg the vessel it 
lovn tbis portion in the ntcoholic liquid. It ia tliuu removed bj moans of tbe syringe. 

t To effivl thin tLo fulluwiug proceeding must be adopted for the removal of tbe excess of 
oil Tbe operation i» at first canied on with d suitable rapidity until tbe figure begins to 
alter in torm : tb^ end of the point of the syrJDge is then drawn t^ntly along the upper part 
<rftbe mass, ptocoediug from tbe thickest (o the other portion. This slight action is sufScient 
to tnore a tuidqIo quantity ot ail Cowards the latter, and thus- to re-establish the sjnunetnr 
tk [ho figure ; a now absorption is Ibeo made, the figure a^in TOgoUUed, and theie proce«a- 
ings Bjo continued until tbe exactly cylindrical form is attained. 
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A fact which I <leBcribed in paragraph SO of the pKceding memoir, and whi^ 
I shall now describe more in detaili affords us the means of obtaining a cylinder 
of tbie kind, and of observing its spontaneons destruction. When .some oil is 
introduced by means of a small bnnel into an alcoholic mixture coataining ft 
aligbt exceea of alcohol, and the oil is poured in sufficiently quick to keep the 
funnel full, the liquid forms, between the point of the funnel and tbe bottom of 
the vessel where the mass collects, a long train, the diameter of vfhich contiunea 
to increase elightJy from tbe upper to the lower part, so as to form a kind of 
very elongated cone, which docs not differ much from a cylinder.* This nearly 
cylindrical figure, tbe beightof which is considerable in proportion to tbe diameter, 
remains without undergoing any perccptiblu alteration so long ae tbe oil of whi<A 
it consists has sufficient rapidity of transference ; but when the oil is ilo longer 
poured into the funnel, and consequently the motion of transference is retarded, 
the cylinder is soon seen to resolve itself rapidly into a series of spfaeree, whidi 
are perfectly equal in diumeier, equally oistribnted, and with their centrw 
arranged upon the right line forming the axis of the cylinder. 

To obtain perfect success, tbe elements of tbe experiment should be in certain 

Sroportiona. The orifice of the funnel which I used was about 3 millimetera in 
iamctcr, and 11 centimeters in height. It rested upon tbe neck of a lai^ 
bottlu containing the alcoholic mixture, and its orifice was plunged a few milli- 
meters only beneath the surface of the liquid. Lastly, the length of the cylinder 
of oil, or the distance betweeu the orifice and the lower mass, was nearly SO 
centimeters. Under these circumstances, three spheres were constantly formed, 
the upper of which remained adherent to the point of tbe funnel ; the latter was 
therefore incomplete. We may add, that the excess of alcohol contained in the 
mixture should neither he too great nor too small ; the proper quantity is found 
by menus of a few preliminary trials. 

4y. The constancy and regularity of the result of this experiment complete 
then tbe proof that the phenomena to which the spontaneous rupture of eqnilib- 
rium of an unstable liquid cylinder gives rise are governed by determinate laws. 
In this same experiment, the transformation ensues too rapklly to allow of its 
lases being well observed ; but the phenomena presented to us by larger and 
ia elongated cylinders, i. e., the fbrmutioo of a dilatation and constriction in 
xtaposition, and equal or nearly so in length, the gradual increase in thickness 
of the diluted portion and the simultaneous narrowing of the constricted portion. 
Ice, authorize us to conclude that in the case of a cylinder the length of which 
is eonsidernhle in proportion to the diameter, the following order of things takes 
place : the figure becomes at first so modified aa to present a regular and uniform 
BWcceBsion of dilated portions, separated by constricted portions of the 'same 
length as the former, or nearly so. This alteration, the indicntions of which 
arc very slight, gradually becomes more and more marked, tbe constricted por- 
tions gradually becoming narrower, whilst the dilated portions increase in thick- 
ness, the figure remaining a figure of revolution ; at last tbe constrictions break, 
and each of the various parts of the figure, which are thus completely isolated 
from each other, acquire tte spherical form. We must add, that the terminatioa 
of the phenomenon is accompanied by a remarkable pecidiarity, of which w« 
have not yet spoken ; but as it only constitutes, so to speak, an accessory por- 
tion of.thc general phenomenon, we shall transfer the description of it to & 
Bubscqucnt part of this memoir, (see § 62.) 

49. It might be asked why, in the eipcnment which we have hwt described. 
the cylinder is only resolved into spheres when the rapidity of the tmnsference 
of liquid of which it is composed is diminished. In fact, we eaouot understand 
how a motion of transference could give stability to a liquid figure which in a 



t 
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state of repoBe wns anetable. In expkiniug tbis Apparent peculiarity, we must 
i«m»rk tliat, as tbe Bp<Hitauieoaa transformation of an (matable cylinder ie efiected 
onder tbe action of continued forces, riie rapidity witb wbicb the phenomenon 
occaiB ought to be accelerated ; this may be, moreover, easily verified in cxpcri- 
nentfl relating to lai^r and less elongated cylinders ; tbis sume rapidity ought, 
therefore, always to be very minute at the commencement of the phenomenon. 
Now, in tbo case in question, as the changes in fignre occur in tbe liquid of the 
cylinder whilst this liquid is animated by a movement of transference, it ia 
evident, from what we have stated, that if this movement of transference is 
w£oieatly rapid, tbe changes of form could only acquire a very slightly marked 
developnieat during the passage of the point of the funnel to tbe mass accumu- 
kted at the bottom of tbe vessel ; so that, the liquid being continually renewed, 
there will be no time for any alteration in form to become very peiceptible to 
the eye. Hence, so long as tbo rapidity of the flow is sufficiently great, the 
Uqnid fignre will appear to retain its almost cylindriciLl form, although ite length 
is considerable in comparison with its diameter. On the other baud, when tbe 
velocity of tbe trauBterence is sufficiently email, there will be time for tbe 
alterations in form to take place in a peri'ect manner, and we shall be able to 
■ee the cylinder resolve itself into spheres throughout the whole of its length. 

60. We shall now describe another method of experimenting, which tUlowB 
u to observe tbe result of the transformation under less restrained and more 
i^ular conditions in some respects than those of the preceding experiment, and 
which will, moreover, lead ua to new consequences oa regards the laws of tbo 
phenomeuon. We shall first succinctly describe the apparatus and tbe opera- 
tione. and at^cnvafds add the necessary details. 

The priocipal parts of which the apparatus consists are : Ist, a rectangular ' 
plate of plate-glass, 25 centimeters in length, and SO in blvadth;.2d, two strips 
rf tbe same glass, 13 centimeters in length, and -| millimeters in thickness, 
perfectly prepared and polished at the edges ; 3d, two ends of copper wire, 
about 1 millimeter in tbickne^s, andC centimeters in length ; these wires should 
be perfectly straight, and one extremity of each of them should be cut very 
accurately, tbea carefully amalgamated. Tbe plate being placed borizoDtally> 
the two strips are laid flat upon its surface aud parallel with its long sides, bo 
aa to leave an interval of aboat a centimeter between tliem ; the two copper 
wires are then introduced into this, placing them in a right tipe in the direction 
of the length of the strips, and in such a manner that the amalgamated cxtren)i- 
lies are opposite to, and a few centimeters distant from, each other. A globule 
of very pure mercury, from 5 to 6 centimctcrB in diameter, is next placed be- 
tween the same extr^nities ; the two strips of glasa are then approximated 
tintil they touch the wires, so as only to leave between them an interval equal 
in width to the diameter of these wires. The little mass of mercury, being 
thoB compressed laterally, necessarily becomes elongated, aud extends on both 
iidca towards the amalgamated BurfaJces. If it docs not reach them, the wires 
ue made to slide towards them until contact and adhesion arc established. 
The wires are then moved iu opposite directions, so as to separate t^m from 
neb other, which again produces elongation of the little liquid mass sad dimi- 
BUtioD of its vertical dimensions. By proceeding carefully, and accompanying 
tbe operation with slight blows given with the flnger upon the apparatus to 
faciliUte the movements of tbe mercury, we succeed in extending the little 
Butss until its vertical thickness is everywhere equal to its horizontal thicknees, 
i. c, to that of tbe copper wires. Thus the mercury forms a liquid wire of the 
Ktnie diameter as tbe ^olid wires to which it is attached, and from 8 to 10 cen- 
tuneten in length. This wire, considering the small size of its diameter, which 
renders the action of gravitation insensible in comparison witb ibat of molecular 
attraction, may be considered as exactly cylindrical; so that in tbis mannct' we 
obtain a liquid cylinder, tbe length of which is from 80 to 100 times iU y^if^fih^ 
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ter, and attached by ito extremities to solid parts, which cj^linder prcBerres iti 
form BO lone as it remaiDs imprisoDed between the Btrips of gloss. Weights ara 
next placed upon the parts of the two copper wires which project beyond the 
extremities of the bands, so ns to maintain these wires in firm positions ; lastly, 
by means which we shall point out presently, the two strips of glass are raised 
vertically. At the same instant, the liqnid cylinder, being liberated from its 
shackles, becomes transformed into a numerons series of isolated spheres, ar- 
ranged in a straight line in the dircclioa of tbe cylinder from wliich they origi- 
nated.* Ordinarily the regnlority of the system of spheres tfaas obtained is 
not perfect ; the spheres present differences in their respective diameters and in 
the distances which separate them ; this undoubtedly arises from slight acci- 
dental causes, dependent upon the method of operation ; but tbe differences aifi 
sometimes so small that the regularity may be considered as perfect As 
regards the number of spheres correspoudiog to a cylinder of detenniuate 
length, it varies in difierent experimehts ; but these variations, which are also 
due to slight accidental causes, are comprised within very small limits. 

51. Let us now complete the description of the apparatas, and add some 
details regarding the operations. As the plalo of gloss requires to be placed in 
a perfectly horizontal position, it is supported for this purpose upon four feet 
with screws. A small transverse strip of thin paper is glued to each of the 
extremities of the lowcnsurface of the strips of glass, in such a manner that tba 
strips of glass resting npon the plate through the medium of these small pieces 
of paper, their lower surface b not in contact with the surface of the plal«. 
Without this precaution, the strips of glass might contract a certain adhesion to 
the plate, which would introduce an obstacle when the stripe are ruscd vertically. 
Moreover, the latter are fumiiihed, on their upper surface and at a distnuce of 6 
millimeters frqpa each of their extremities, with a small screw placed vertically 
in the glass with the point upwards, firmly fixed to it with mastic, and rising 8 
millimeters above its surface. These four screws are for tbe purpose of receiving 
the nnts which fix the strips to the system Ay means of which they are elevated. 
This system is made of irou; it consists, in the first place, of two rectangular 

S'atcs, 55 millimeters in length, JS- in breadth, and 3 in thickness. Each of 
em is pierced, perpendicularly to its large Bur&cea, by two holes, so situated, 

, that on placing each of these plates transversely upon the extremities of the two 
strips ol glass, the screws with which the latter arc furnished fit into these four 
holes. The screws being long enough to project above the holes, nuts may 
then bo adapted to them, so that on screwing them the strips of glass become 
fixed in an invariable position with regard to each other. 1 fac holes are of an 
elongated form in the direction of the length of the iron plates ; hence, after 
having loosened the nuts, the distance between the two strips of glass may be 
increased or diminished without the necessity of removing the pUtcs. A vertical 
axis, S centimeters in height, is implanted upon ilic middle of the upper surface 
of each of the plates ; and the upper extremities of these two axes are connected 
by a horizontal axis, at the middle of which a third vertical axis commences ; 

• this is ducted upwards, and is 15 centimeters in length. The section of the 
latter aA is square, and it is 5 millimeters in thickness. When the nuts are 
screwed up, it is evident that the strips of glass, the iron plates, and the kind 
of fork which connects tbcm, constitute nn invariable system. The long vertical 
axis serves to direct the movemcut of this system ; witU this view, it passes 
with very slight friction through an aperture of the same section as itself, and 
5 centimeters in length, pierced in a piece which is fixed very firmly by a snitablo 
support 10 centimeters above the plate of gloss. Lastly, the perforated piece 
is provided laterally with a thumb-screw, which allows the axis to be serevod 

* Wo may remark that the coDvcniOD of a oietallic niro into globolM bj tbe electdc di^ 
charge must undoabledly be nifuireU to tLe same older of pbenomeoa. ('',-.(',.) I,- 
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Into tbe tube. By this arrangement, if all parts of the apparatus have been 
earefttUy finiehed, when once tbe. little nuts have been screwed up, the two 
itrips of glass can only move eimultaneously in a parallel direction to each 
Other, and, always identically in the same direction perpendicular to the plat* 
of glass. When the liquid cylinder is well formed, aud the weights are placod 
upon the free portions of the copper wired, the finger is passed under the hori- 
sontal branch of the fork, and the movable syst«m is raised to a suitable dis- 
tance above the plate of glass ; U is then maintained at this height by mean* 
of the thumb-screw, so as to allow the reHutt of tUe transformation of the cylin- 
dw to be observed. As the amalgamation of tbe (topper wires always extends 
slightly upon their convex surface, the latter is coated with varnish, so that 
the amalgamation only occurs upon the small piano section. It would b* 
almost impossible to judge by simple inspection of the exact point at which the 
■eparation of the copper wires from each other, to allow of the liquid attaining 
a cylindrical form, should he discontinued. To avoid this difficulty, the length 
of the cylinder is given beforehand; and this length is marked by two faint 
scratches upon the lateral surface of one of the strips of glass ; the weight of 
the globale of mercury, which is to form a cylinder of this diameter and of the 
length required, is then determined by calculation from the known diameter of 
the wir^; lastly, by means of a delicate balance, the globule to he used in thft 
experiment is made exactly of this weight. All that then remains to be don9 
1b to BXtend the little mass until the extremities of tbe copper wires between 
which ft ia included have reached the marks traced upon the glass. Lastly, in 
making a series of experiments, the same mercury may he used several timet 
if the isolated spheres are united into a single mass at the end of each observa- 
tion. However, after a certain number of experiments, the mercury appears to 
lose its fluidity, and the moss always becomes disunited at some point, in spita 
of all possible precaution^, before it has become extended to the desired length, 
which phenomena arise from the solid wires imparting a small quantity of cop- 
per to tbe mercury. The latter must then be removed, the plates of glass and 
the strips cleaned, and a new globule taken. Tbe amalgamation of the wiret 
also sometimes requires to be renewed. 

53. By means of the above apparatne and methods, I have made a series of 
experiments upon the transformation of the cylinders ; but before relating the 
results, it is requisite for their interpretation that we should examui* the pha- 
DomenoD a little more closely. 

Let us imagine a liquid cylinder of considerable length in proportion to iti 
diameter, and attached by its extremities to two solid bases ; let us suppose 
that it is effecting iis transformation, and let us consider the figure at a period 
of the phenomenon anterior to the separation of the masses, i. c, when thie 
figure is still composed of dilatations alternating with constrictions. As the 
snrfacea of the dilatations project externally from the primitive cylindrical sur- 
foce, and those of the constrictions on the contrary are internal to this same 
surface, we can imagine iu the figure a series of plane sections perpendicular to 
tbe axis, and all having a diameter equal to that of the cylinder; these section! 
will evidently constitute tbe limits which' separate the dilated from the con- 
stricted panion, BO that each portion, whether constricted or dilated, will be* 
terminated by two of them ; moreover, as the two solid bases ore necessarily 
patt of the sections in question, each of these bases should occupy tbe vcrj 
extremity of a constricted or dilated portion. This being granted, three hypo- 
tkeeee present themselves in regard to these two portions of the figure, t. e., to 
those wtiich rest respectively upon each of the solid bases. In tbe first place, 
we may suppose that both of the portions are expanded. In thi^ case each of 
the constrictions will transfer the liquid which it loses to the two dilatations 
immediately adjacent to it ; tbe movements of transport of the liqnid will take 
place in the some manner tluongbout tbe whole extent of tlie figure, and the 
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troDBformatioD will .take place with perfect regalarity, giving rise to isolatod 
ipheies exactly equal in diameter, and at equal distanceB apart. This regn- 
larity will not, liowever, extend to the two extremo dilatations; for^s each of 
tfaeee ia terminated on one side by a solid surface, it will only receive liquid 
from the conatriction wliich is situated on ihe other side, and will, therefore, 
acquire Ices development than, the intermediate dilatations. Under these cir- 
cnmstancee, then, after the termioation of the phenomenon, wc ought to find 
two portions of spheres respectively adherent t6 two solid bases, each present- 
ing a slightly less diameter thau tbut of the isolated spheres arranged between 
tbem. 

In the second place, we may admit that the terminal portions of the figure 
are, one a constriction and the other n dilatation. The liquid lost by the first, 
not being then able to traverse the solid base, will necessarily all be driven into 
the adjacent dilatation ; so that, as the latter receives all the liquid necesgaiy 
to its development on one side only, it will receive none from the opposite side ; 
consequently all the liquid lost by the second constriction- will dow in the same 
manner into the second dilatation, and so on up to the last dilatation. The 
' distribution of the movements of transport will, therefore, still . be regular 
thnughont the fignre, and the trnnsformation will ensue in a perfectly rcgulv 
manner. This regularity will evidently extend even to the two terminal por- 
tions, at least so long as the constrictions have not attained their grcat«Bt 
depth ; but beyond that point this will not exactly be the case, for iudopend- 
cnce being th^i established between the masses, each of the dilatations, except- 
ing that which rests upon the solid base, will culatgc simnitonconi^ly on both 
lidos, BO as to pnsa into the condition of the isolated sphere, by appropriatiug 
to itself the two adjacent semi -constrictions, whilst the extreme dilauitlon can 
tnlarge on one aide. Consequently, afier the termination of the phenomenon, 
vc Bhoald find, at one of the solid bases, a portion of a sphere of liiit little less 
diameter than that of the isolated spheres, and at the other base a much smaller 
portion of a sphere, arising from the eemi-constrictioD which has remained 
attached to it. 

Lastly, in the third place, let ns suppose that the terminal portions of the 
figure were both constrictions, in which case, after the termination of the phe- 
nomenon, a portion of a sphere equal to the smallest of the two above would 
be left to 4XiQb of the solid bases. In this case, to be more definite, let ns 
■tart from oqcf of these termioal constrictions ; for instance, that of the left. Alt 
tho liquid lost by this first constriction being driven into the contigaoas dilata- 
tion, and being sufficient fur il« development, let us admit that all tho liquid 
lost by tho second constriction also passes into the second dilatation, and eo 
on ; then all tho dilatations, excepting the last on tho right, will simply acquire 
their normal developmenti but the right dilatation, which, like each of the 
others, receives from that part of the constriction which precedes it the quan- 
tity of liquid nceesaary tor its development, receives in addition the same 
quantity of liquid from that part of tlie constriction which is applied to the 
adjacent solid, so that it willl>e more voluminous than the others. Hence it is 
evident, in the case in point, that the opposed actions of tho iwo terminal con- 
■trictione introduce an excess of liquid into the rest of the figure. Now, what- 
ever other hypothesis may ho mane respecting the distribution of the move- 
ments of transport, it must aluuys happen either that the excess of volume ia 
simultaneously distributed over ail the dilatations, or tbat it only augments the 
dimensioua of one or two of them ; but the former of these suppositioDs is 
evidently inadmissible, on ai:count of tbe complication which it would require 
in the movements of transport ; beticc we must admit the second, and then the 
isolaled spberea will not all be equal. Thus this third mode of tninsfonnation 
would necessarily of itself induce a cause of irregularity ; and, moreover, it 
would not allow of a uniform distribution of the movoroenta of tmnsport, ba- 
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came there would be oppoBitiOD in regard to these movements, at least in the 
termmaJ coDBtrictiouB. 

It may, therefore, be regarded as very probable that the traoBformatioa takes 
place according to one or the other ot the two first methods, and never accord- 
ing to the third, a. c., that things will be so arranged that the figure which is 
Iransfonned may have for its terminal portions either two dilatations, or one 
constriction and one dilatation, but not two constrictions. In the former case, 
aa we have seen, the movement of the liquid of all the consirictions would 
ensue on both sides simultaneousiy f and in the second this movement would 
occur in ill in one and the same direction. If this is really the natural airtuige' 
ment of the phenomenon, we can itlao understand liow it will be preserved even 
when it is disturbed in its regularity by slight extraneous causes. ^Jow, this, 
as we shall see, is cou&rmed by the experiments relating to the mercnrial 
cylinder. Although the transfoi-mution of this cylinder has rarely yielded « 
perfectly regular system of spheres, I have found in the great majority of the 
results either that each of the soild bases was occupied by a mass little less in 
diameter than the it;olated spheres, or that one of the bases was occupied by s 
mass of this kind and the other hya much amuUcr mass. 

53. For the sake of brevity, let ua denominate diaisiimt of the cylinder those 
portions of the figure each of which furnishes a sphere, whether we consider 
these portions in the imagination oa in the cylinder itself, before the com- 
mencement of the transfbhnation, or whether we take them during the accom- 
plishment of the pheuomeuon,e.e„ during the modifications whjch <hey undergo 
in arriving at the spherical form. The length of a division is e^^deDtly that 
distance which, during the transform alio d, ia comprised between the necks of 
two adjacent constrictions ; consequently it is eqiuU to the sum of the lengths 
of a dilatation and two semi-constrictions. Let us, therefore, see how the 
length in question, i. e., that of a division, may be deduced from the result of 
«a esperiment. Let us suppose the traaslurnuttiou to be perfectly regular, and 
let i be the length of a division, I that of the cylinder, and n the number of 
isolated spheres found after the termination of the phenomenon. Kach of these 
spheres being furnished by a complete division, and each of the two terminal 
masses by part of a division, the length I will consist of n timea i, plus two 
fractions of i. To entimai*: the values of these fractions, we must recollect 
that the length of a consttiction is exactly or apparently equal to that of a dila- 
tation, (§ 46 ;) now. in the first of the two normal cases, (^ 52.) i. c when the 
masses remaining adhoreut to the bases after the termination of the phenomenoa 
are both of the large kind, each of them evidently arises from a dilatation pins 
half a constriction, therefore three-fourths of u division ; the sum of the lengtha 
of l^e two portions of the cylinder which have furnished these maaees is, there- 
fore, equal to once aud a half i, and we ahull -have in this case/^{M + 1-5) ^ 

whence Ar= — , In the second case, t. e., when the tcrmiDal masses con- 

»+ 1.5 
twl of one of the large and the other of the small kind, the latter ariaCB from a 
lemi-cona friction, or a fourth of n division, so that the sum of the lengths of the 
portions of the cylinder corresponding to these two masses is equal to i ; con- 
sequently we shall have i=: — — -. 

As the respective denominators of these two expressions represent the num- 
ber of divisions contained in the total length of the cylinder, it follows that 
this number will always be either simply a whole number, or a whole number 
and a half. On the other hand, as the phenomenon is governed by determinate 
laws, we can understand that for u cylinder of given diameter composed of a 
riven lioiiid, and placed under given circumstances, there exists a norm^il 
fength which the divisioua tend to assume, and which they would rigorou=Iy 
assume if the total length of the cylinder were infinite. If. then, it happens 
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that tbc total length of tbe cjlindcr, although Umitedt is equal to the product 
of the normal length of the divisionB hy a whole uumber, or rather a whole 
number plus & half, notbiug will prevent tbc divisions from exactly aBBuming 
this normal length. If, ou the other haud, which is geaerally tbe case, the 
toLil length of the cylinder fulfik neither of the preceding conditions, we should 
think that the divisions would assume the nearest possibU to tbe uormal length; 
and then, all other things being equal, the diffei'cnce will evidently be ivs much 
IcBij aa the divisions are more uumL-rouo, or, in other words, na the cylinder is 
longer. We should also believe that the trans formation would adopt that of 
the two methods which is best adapted to diminish tbe difference in t|ue3tioni 
and this is also confirmed hy ospcriment, as we shall see presently. Ileuce, 
although, as I have already stated, the transformation of the cylinder of mer- 
cury almost always eusues in one of the two normal methods, the result is 
rardy very regular; we must, therefore, admit that slight accidental disturbing 
causes in general render the divisions formed in any one experiment unequal 
ill length ; but then the expressions of ii obtained above evidently give in each 
experiment the mean length of these divisions, or, in other words, the common 
length which the divisions would have taken if the transformation had occurred 
in a perfectly regular manner, giving rise to the same number of isolated 
spheres and lo tbe same state of the tei-minal masses. 

l^asdy. since the third method of transformation presents itself, i. c, eince it 
sometimes happens that each of the basses is occupied by a mass of the small kind, 
if we would Icavp out of consideration the particular cause of irregularity inhe- 
rent in this method, (the preceding paregrnpb,} and find the corresponding 
expression of X, it need only be rcroaiked that each of the terminal moaees 
then proceeds from a eemi-constrictiou or the foorth of a. division, which will 

evidently give X = . 

54. I shall now relate ihc results of the experiments. The diameter of tbe 
copper wires, consequently of the cylinder, was 1.05 millimeter. I first gave 
the cylinder a Icneth of 90 millimciera,' and repeated the experiment ten times, 
noting after each the number of isolated Bpbcres produced, and tbc state of the 
masses adherent to the bases ; I then calculated for each result the correspond- 
ing value of the length of a division, by means of that of the three formula of 
the preceding paragraph which refers to this Hame result, I afterwards made 
ten more experiments, giving the cylinder a length of 100 millimeters, and abo 
calculated the corresponding values of the length of a division. The table coa - 
tains the results furnished by these cyliudei-B.and the val needed need for the length 
of a division. 1 only obtained a perfectly regular result in one case in each seriee; 
I have placed an * opposite tbe corresponding number of iedated epheres. • 
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This table showB, in the first place, that the di£ForeDt ralneB ohtained for the 
length of a divisioa aio not so far removed from each other as to prevent our 
perceiving a constant value, the uniformity of which is only altered by the 
influence of slight accidental causes. In the second place, out of twenty ex- 
periments, it happened once only that the masses adherent to the hoses were* 
tKith of the small kind. Tn the third place, both the perfectly regular reenlta 
have given identically the same value for the length of a division; this value, 
expressed appro ximatively to two decimal places, is 6.67 millimeters ; but its 
exact expression is 6| millimeters ; for the operation to be effected consists, io 
the case of the first series, in the division of 90 millimeters by 13.5, and, in tho 
case of the second series, in the division of 100 millimclcrs by 15. As the two 
lengths given to the cylinder are considerable in proportion to the diameter, and 
consequently the numbers of division ara tolerably laige, this value, 6g milli- 
meters, ought very nearly, if not cs.ictly, to constitute that of the normal length 
of the divisions. It is seen, moreover, that to give the divisions this closely 
approximative or exact value of the normal length, the transformation has 
chosen, in one case the first, in the other case the second method. 

55. Let us pursue our inqniry into the laws of the phenomenon with which 
we are engaged ; we shall soon make an important application of them, nnd it 
will then be understood why so extensive a development is given to this part of 
onr work. It might be regarded as evident d priori that two cylinders formed 
of the same liquid and placed in the same circtimatances, butdiffering in diameter, 
would tend to become divided in the same manner, i. e., that the respective nor- 
mal lengths of the divisions would be to each other in the proportion of the 
diameters of these cylinders. 

In order to verify this law by experiment, I procured some copper wires, the 
diameter of which was exactly donhlc that of the first, therefore equal to Hi.l 
millimeters, and I made with them a new series of ten expivriments, giving the 
cylinder a length of 100 millimeters. This series also furnished mc with only 
a single perfectly regular result, which I have denoted as before by an * placed 
opposite the corresponding number of isolated spheres. The following is the 
table relating to this series : • 




Two small 1 

Two large 

One iBige anil odd smsll. 
Odo large aud one small 

Two large 

Two large 

One large aud ooe small. 
One iHigo and one small. 

Twoamall 

Odd large and one small 



H.28 
13.50 
13.33 



11.11 

11.76 
14.^ 



By stopping at the second decimal place, we have, as is evident, 13.33 milli- 
meters for the value of the length of a division corresponding to the perfectly 
leguW result ; but ae the operation wliicU yields it consists in the division of 
100 by 7.5, the value when perfectly expressed is 13J millimeters. This then 
ia very nearly, if not exactly, the normal length of the divisions of this new 
cylinder; now this length, 13^ millimeters, is exactly twice the length, 6J 
millimeters, which belongs to the divisions of the cylinder of the preceding 
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paragraph ; these two longthB are therefore, in fact, in the proportion to cadi 
otlier of the dinmeters of the two cylinders. 

Ah the perfectly rcgnlar rcRult of the above table has given a maaa of the 
latger kind to each biiee, it follows, that to enable the divisions of the cylinder 
itecif to a}>?iimc their normal length, or the nearest possible length to thi:^. the 
transformation hat> neceEsarily ensued according to the fohncr mctliod ; whilst 
in regard to a cylinder tlic diameter of which is a half less, and the total length 
of which IS the same, WO mtlUmeters, the transformation ensned according to 
the second method, (§ 54.) 

Here, also, the case in which there arc two masses of the small kind to the 
solid bases is the least frequent, although it occurred twice. Lastly, the differ- 
ent valutas of the length of a division ore more concordant than in the second 
scries relating to the first diameter, and eonscqucntly show the tendency towards 
a constaut value better; we also see that the normal length is that which is 
mopt fi-equentiy reproduced. 

5G. According to tbe law which we have jnst established, when the nature of 
the liquid and external circuinalancea do not change, the normal length of th« 
divifions is proportional to the diameter of the cylinder ; or, in other words. t"he 
proportion of the normal length of the divisions to the diameter of the cylinder 
is constant. 

As we hove seen, the diflmetor of the cylinder in paragraph 64 was 1.05 mil- 
limeters, and the normal length of its diviaiona was very little less than 6.&I 
millimeters ; consequently, when the liquid used is mercury and the cylinder 
rests npon a plate of glass, tbe value of the coastaut proportion in question is 

-—— ^^G.35, which approximates closely. 

To ascertain whether the nature of the liquid and external drcnmstanceo 
exert any influence upon this proportion, we shall now dlstermine the value of 
the latter in the case of a cylinder of oil Ibrmed in the alcoholic mixture, which 
may be eficeted, at least approximatively. with the aid of the result of tho 
experiment in paragraph 47. To simplify the considerations, we shall suppose 
that-tlie transform.'iiion does not commence until the rapidiiy of transl'erence has 
entirely ceased. The point of tbe funnel, on the one hand, and the section by 
which tho imperfect liquid cylinder is in contact with the mass which collects 
at the bottom of the vessel, on the other hand, may then be regarded as playing 
the part of the two bases of the figure. Now it is evident that, as regards tb« 
second of these bases, the last portion of the figure which is transformed should 
be a constriction ; for if it constituted a dilatation, there would be discontinuity 
of the curvature at the junction.of the respective surfacclt of tho latter and the 
large mass, which is inadmissible. But the same reason docs not apply to the 
other bise; and jjxperimout shows that in this case a dilatation is formed, be- 
cause after the termination of the phenomenon wn always find at the poiut of 
tho funnel a mass comparable to the isolated spheres. Hence in this experiment 
the transform at ion ensues according to the second method. Therefore, as the 
whole length of the Sguro is about 200 mtllimctcrs. and as the tian^ formation 
constantly yields two isolated spheres, the mean length of the divisions has 

(5 53) for its approximative value —^ millimeters =^ 66,7 millimeters ; I say 

tJiB mean lengtli, because, as the diameter of the figure increases slightly from 
the summit tuwards the base, the divi.-'ionB are probably not exactly eqnal in 
length. It mn^t he added licre, that tbe transformation ensues under cvcum- 
Btaiiccs which are always identical, and consequently, in the absence of acci- - 
dental disturbing causes, the above quantity ought to represent the normal 
length of the divisions, or tbe nearest possible length to the latter. Now, 1 
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estimate the meao diameter of the figure before the traneformatioa at abont 4 

■millimeters; we shoald conaequcntly have — - — =16.7 as tbe approsimatire 

Talae of the proportion between the normal length of the divisions and the * 
diameter of the cylinder. Thia is, thcreforf , appmsimativuly tlie constant pro- 
portion flought in the case of a cylinder of oil tbrmod in the alcoholic mixture; 
BOW this proportion, aa is evident, is much greater than that which belongs to 
the cose of a cylinder of mercury resting upon a plate of glass. 

In fact, the length 66.7 millimeters may differ somewhat materially from the 
. normal length ; for if, on the one hand, the whole length of the figure of oil is 
considerable in regard to its diameter, on the other hand, the nnmber of divisions 
which form there ia very email. Let ns then see, for instance, what is the least 
valne which tbe normal length of these divisious may have. We must in the 
first place remark, that in this case, notwithstanding the absence of disturbing 
caoses, t1ie third method of transformation is possible; in fact, as tbe lower 
eoDBtriction ia adherent to a liquid base, nothing can prevent the oil which it 
loses from traversing this base to reach tbe large mass, so that in the third 
method, also, the direction of the morements of transport mny be tbe same in 
regard to all the constrictions, (§ 62.) This granted, as the denominatoi of the 
expression which gives the length of one division can only vary by half 
nnita, (53.) and as the length which we have found resulted from the division 
of 800 millimeters by 3, it follows that the length immediately below would be 
200 
^TT millimeters =:. 57.1 millimeters, which would correspond to three isolated 

spheres and a transformation disposed according to the third method. But ns 
matters do not take place in this manner, since there arc never more than Iwo 
isolated spheres formed, and the transformation always ensues according to 
the second method, we must couclude that the normal length of the divisions 
approximates more closely to iheiength found, CG.7 millimeters, than the length 
57.1 millimeters. If, then, the normal length is greater than the first of these 
two quantities, it must at-ieaat be more than their mean, i. c, C1.9 miilimotcrs ; 
consequently the relation of the normal length of the divisious and the diameter 

of tbe cylinder is necessarily greater than — j- ^ 15.6 ; now this latter num- 
ber considerably exceeds the nnmber 6.35, which corresponds to the mercurial 
cylinder. 

Thus, the proportion of the normal length of the divisions to the diameter of 
the cylinder vanes, sometimes according to the nature of the liquid, sometimes 
according to external circnmstance.j, at others according to both these elements. 

57. But I say that there is a limit below which this proportion cannot descend, 
and thnf Ibis ia exactly the limit of stability. Let us imt^ne a liquid cylinder 
of sufficient length in proportion to its diameter, comprised between two solid 
bases, and the trunsFonoation of which is taking place with perfect regularity. 
Suppose, for the sake of cleamcss, that tbe phenomenon ensues accordiug to the 
second method, or, in other words, that the terminal portions of the figure con- 
sist one of a constriction, the other of a dilatation ; then, as we have seen, (§ 52,) 
the regularity of the transformation will extend to tliese latter portions ; t. c, tbe 
terminal constriction and the dilatation will be respectively identical with the 
portions of the same kind of the rest of tlie figure. Let us then take the 6guro 
at that period of the pheuomcnon at which it still presents constrictions and 
dilatations, and let ns again consider the sections, the diameter of wh7^h is equal 
to that of tbe cylinder, (§ 52.) Let ua start from the terminal constricted por- 
tion ; the solid base upon which this rests, and which constitutes the ^rst of ihe 
fifiCtione in question, will occupy, an we have shown, tbo origui of the constric- 
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tion itself; we shall then hivve a second section at the origin of the first dilatation; 
a third at the origin of the second constriction ; a fourth at the origin of the 
second dilatation, and so on ; so that all the sections of the even series will 
occupy the origins of the dilatations, all those of tho odd series the origins of 
the constriiitioua. The interval comprised between two consecutive sections of 
the odd scries will therefore include a constriction and a dilatation ; and as the 
figure begins with a constrictiot) and terminates witha dilatation, it is clear that 
its entire length will be divided into a whole number of similar intervals. In 
consequence of the exact regularity which we have supposed to exist in the 
transformation, nil the intervals in question will be equal in length ; and as the • 
moment at which we enter upon the consideration of the figure may be takea 
arbitrarily from the origin of the phenomenon to the maximum of the depth of 
the constrictions, it follows that the equality of length of the intervals eubsiats 
during the whole of this period, and tbatn consequently, the sections which 
terminate these intervals preserve during this period perfectly fixed positioDS. 
Besides the parts of the figure respectively contained m each of the intervals 
undergoing identically and aimultancottaly the same modifications, the volumea 
of all these parts remain equal to each other ; and as their sum is always equal 
to the total volume of th^ liquid, it follows that, from the origin of the tranft- 
formation to the maximum of depth of tho constrictions, each of these partial 
volumes remains invariable, or, in other words, no portion of liquid paesea 
from any one interval into the adjacent ones. Thus, at the instant at which 
we consider the figure, on the one buid, the two sections which terminate ouy 
one interval will have preserved their primitive- positions and their diameters ; 
and on the other hand these sections will not have been travcreud by any por- 
tion of liquid. Halters will then have occurred in each interval in the same 
manner aa if the two sections by which it is terminated had been solid disks. 
But the transformation cannot ensue between two solid disks, if the proportion 
of the distance which eeparntes the disks to the diameter of the cylinder is leas 
than the limit of stability ; the proportion of the length of our intervals and the 
diameter of the cylinder cannot then be less than this limit. Now, the length 
of an interval is evidently equal to that of a division ; for the firut, in 'accord- 
ance with what we have seen above, is the snm of the lengths of a dil.itation 
and a constriction ; and the second is the sum of the lengths of a dilatation and 
two serai- constrictions, (§ 53 ;) the proportion of the length of a division to the 
diameter of the cylinder cannot then be less than the limit of stability ; and we 
may remark here that this conclusion is equally true, whether the divisions are 
able or not to assume exactly their normal length. 

58. Let us now attempt to ascertain the influence of the nature of the liquid 
and that of external circumstances, commencing with the Litter, Our liquid 
cylinder of mercufy, along the whole of the line at which it touches.the plate 
of glass, must contract a flight adherence to this plate, which adherence must 
more or less, impede the transformation. To discover whethet this resistance 
exerted any influence upon the normal length of the divisions, consequently 
upon the proportion of the Utter to the diameter of the cylinder, a simple 
means presented itself, viz., to augment this resistance. To arrive at this 
result, I arranged the apparatus in such a manner as to remove only one of 
the strips of glase, bo that the liquid figure then remained simultaneously in 
CO tact with the plate and the other strip. I again repeated th^ experiment 
ten times, using copper wires 1.05 millimeters in diameter, and giving the 
cylinder a length of 100 millimeters. The following were the results : 
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It is evident that the difTerent values of the length of a divieiou, with a sin- 
gle exception, are nil obviously greator than all those which relate to a cylinder 
of the same diumcter, the surface of which only touches the glass by a single 
line, (5 54.) We must thence conclude that, all othcc things being the same, 
the length of the divisions increases with the external rcaintauce ; consequently, 
under the action of the same resistance, this length is necesBariiy greater thau 
it would be if the convex surface of the cylinder had been perfectly free. 

In the above series neither of the results appears to be very regular; but we 
can readily understand that th«mean of the values of the third coliunn will 
approach the normal length of the divisions. This is, moreover, confirmed by 
lite tables in §§ 54 and 55. If we take in the former the respective means of 
the values of the two seriea, we find for one 6.77 millimeters, and for the other 
7.17 millimetere, quantities, the first of which is nearly equal to the length 
6.67 millimeters, which may he considered as the normal length, and from 
which the second doea not differ much ; and if likewise we take the relative 
mean in the following table, we find 13.15 millimeters, a' quantity very jicar 
the length 13,33 millimeterB, which in the case of the second table may also be 
regardt^ as tbc normal length. Now, the corresponding mean in the above 
table is 10.81 millimeters; consequently, in the case of two Hues of contact we 

have :^ 10.29 as the approximate value of the proportion of the normal 

length of the divisions to the diameter of the cylinder, whilst in the ease of a 
Btngle line of contact we foand only 6.35. Hence the proportion between the 
normal length of the divisions and the diameter of the cylinder increases by 
the efiect of an external resistance, 

. 69, Let us proceed to the influence of the nature of the liquid. All liquids 
are more or less viscid ; i, e., their molecules do not enjoy perfect mobility with 
regard to each other. Now, this gives rise to an internal resistance, which 
must also render the tran^ormatiou less easy ; and as external resistances 
increase the length of tho divisions, we can understand that the viFcidity will 
act in the same manner; consequently, all other things being equal, the propor- 
tion now under consideration will increase with this viscidity. But, on the other 
hand, with equal curvatures, the intensities of the forces which produce tho 
transformation vary with the nature of the liquid ; for these intensities depend, 
'in the case of each liquid, upon tflnt of tho mutual attraction of the molecules. 
Now, it is clear that the viscidity will exert so much more influence upon the 
length of the divisions as the intensities of tlio forces in question are leas. 
Thus, leaving external resistances out of the question, the proportions of the 
normal length of the divisions to the diameters will be greater in proportion to 
the viscidity of the liquid and the feebleness of the configuring i'oroeB. 1 
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The intenstties of tho con&ganug forces correeponding to different liquids 
may be compared numerically for the same carvaturee. In fiict, let dh fiiet 
bear in mind that tho pressure coixespouding to one element of the Buperficial 
layer, and reduced to unity of the aurtacc, is expressed by (§ 4,} 



P + 



L/l 1\ 

rC-R + B^/ 



Now, the valne of the part P of this pressure being the same for all the cleutents 
of the superficial layer, and tho pressures being tfansniittcd throughout the 
masB, this part P will always be destroyed, whether equilibrinm exists in the 
liquid figure or not; so that the active part of the pressure (that which consti- 
tutes the configuring foree) will have for its measure simply "o C r "'" it/ #■ 

Hence it is evident that when the curvaturea are equal, the intensity of tho 
configuring force arising from one element of the superficial layer is propor- 
tional to the coefficient A. Now, this coefficient is the same aft that which - 
enters into the known expreasion of the elevation or deprcasiou of a liquid in a 
capillary tube : consequently the meaHiU'ca relating tp this elevation or depres- 
sion will give us, in the case of each liquid, the value of the coefficient in quee- 
tion. Hence we may alao eay that the proportion of the normal length of the 
divisions to the diameter of the cylinder will be greater as the liquid is more 
viacid and aa tlio value of A which correaponda to the latter diminishes. For 
inetonce, oil ia much mora viscid than mcrcflry ; on the other faond, it would 
be cosy to show that the value of A is much less for the first than for the 
second of these two liquids ; lastly, this value must bo much diminished in 
regard to our figure of oil by tho presence of the surrounding alcoholic liquid, 
the mutual attraction of the molecules of the two liquids in contact diminishing 
the intensities of the pressures, (5 S.) Thin is why the proportion belonging to 
a cylinder of oil formed in the alcoholic mixture considerably exceeds that be- 
longing to a cylinder of mercury resting upou a plato of glass, not with staading' 
the slight external resistance to which the latter is subjected. 

GO. It follows from this diacuasiun couccming the resistances that die 
smalleiit value which the proportion of the normal length of the diviaiona to 
the diameter of the cylinder could be supposed to have correaponda to that 
case in which there is simultaneously complete abaence of extcroid rcaiatance 
and of viscidity; and, after the demonstration given in § ST, this leaet value 
will be at Itaat equal to the limit of stability. Now, as all liquids are more or 
less viscid, it followe that, even on the hypothesis of the annihilation of all ex- 
ternol resistance, tho proportion in question will always esceed the limit of 
stability; and since this is more than 3, this proportion wUl, ^ ftrrtiori, be 
always more than 3. 

It ia conceivable that the least value considered above, i. e., that which the 
.proportion would have in the case of complete »abaunce of resistance, both 
internal as well aa external, would be equal to the limit of stability itself, or 
would very i^Iightly exceed it lu fact, on the one hand, the proportion ap- 
proximatcf) to this limit as the resistances diminish, and on the other hand, if it 
excireds it, the transformalion bccomca possible, (§ 57;) hence we see no reason 
why it should difier sensibly from it if the resistancea were absolutely null. 
The results of our experiments, moreover, toud to confirm this view. First,. ■ 
since the proportion belonging to our cylinder of mercury descends from 10.29 
to CJld, paaaiug from that case in which the cylinder touches the glass at two 
liufs to iLat where it touches it at a single one only, (5 58,) it is clear that if 
this latter contact itself could be suppressed, which would Icayc the influence 
of the viscidity alone remaming, the proportioo would btcome much lesa than 

:,.ec.y Google 
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6.35 ; and as, on the other faand, it muet exceed 3, ve might admit that it would 
At least lie between the latter uiimber and 4, bo that it would cloacly approxi- 
mate the limit of Htabilitj'. If, then, it were posBiblc to cxcludu the Tiscidity 
also, the now decrease which the proportion would then experience, would ve.rj 
probably bring the latter lo the very limit in question, or at least to a value 
differing but esccedingly little from it. Thua, on the one hand, the least value 
of the proportion, that corresponding to the complete abaence of rcaiatancea, 
would not differ, or scarcely bo, from the limit of stability; \and on the other 
hand, under the influence of viscidity alone, the proportion appertaiuing to. the 
mercury would bo but little removed from this least value. Ucnce it ia evident 
that the influence of the viscidity of mercury is small, which is moreover ex- 
plained by the well-known feebleness of this same viscidity. 

We can now understand in the cose of other but very slightly viscid liquids, 
Buch as water, alcohol, &c., where the viscidity is not able to form more thtui a 
minimum resistance, that this viscidity, notwithstanding the differences in the 
intensiticB of the conflguring forces, will also exert only a feeble influence upon 
the proportion in question. Hence it results that, in tho absence of all extumal 
resistance, the values of this proportion rcapcctivcty corresponding to the various 
very slightly viscid liquids cannot be very far removed from tho limit of sta- 
hility; and as tho smallt^st whole number above tbia is 4. wc may iu regard to 
these liquids adopt this number as reprcBcnting the mean approximative .proba- 
ble value of the proportion in question. 

Starting from this value, citlculation gives ub the number 1.82 ns the propor- 
tion of the diameter of tho isolated spheres which result from the transfoi-mation 
to thediamcter of the cylinder, and the number 3.18 for the proportion between 
the distance of two adjacent spheres and this diameter. 

61. There is another consequence arising from our discussion. For the sake 
of simplicity let the diameter, of the cylinder be taken as unity. The propor- 
tion of the normal length of the division to the diameter will then express this 
normal length itself, and the proportion constituting the limit of stability wiU 
express the length corresponding to this, limit This admitted, let us resnme 
the conclusion at which wo arrived at the commencement of the preceding sec- 
tion, which conclusion we shall consequently cxprcea here by stating that id 
the cose of all liquids the- normal length of the divisions always exceeds the 
limit of stability ; we most recollect, in the second place, that the sum of the 
lengths of ono constriction and one dilatation is equal to that of a division, 
(§ 57;) and, thirdly, at the first moment of the transformation ihe length of ono 
couBtriction is equal to that of a dilatation, (§ 4C.) Now, it follows from all 
these propositions, that when the tranaformstion of a cylinder begins to take 
place, the length of a single portion, whether constricted or dilated, is neccBBa- 
rily greater than half the limit of atability; consequently tho sum of the lengths 
of three contiguous portions, for instance two dilatations and the intermediata 
couBtriction, is once and a half greater than tbia same tifiiit. Hence, lastly, if 
the distfmce of the eoJid bases is comprised between once and once and a half 
thelimit of stability, it is impossible for the limit of stability to give rise lo three 
portioQB, and it will cousequently only be able to produce a single dilatation in 
JQxtaposttion with a single constriction. This, in fact, as we have seen, always 
took place in regard to the cylinder, in ^ 4G, which was evidently in the above 
condition, and the want of aymmetry in its transformation now becomes explicable. 

62. As stated at the conclusion of 5 48, we have yet to deBcribe a remarkable 
tact which always accompanies tho end of the phenomenon of the transformatiou 
of a liquid cylinder into isolated masBes. 

lb the transformation of lai^ cylinders of oU, whether imperfect or exact, 
(S 44 to 46,) when the constricted part is considerably narrowed, and the sepa- 
ration seems on the point of occurring, the two masses arc seen to flow buck 
rapidly towards the nnga or the disks; but they leave between them a cylindri- 
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cal line which Btill establishes, for a very short time, the continuity of the one 
with the other, (Fig. S8;) this line thea resolTee itself into partial maaeea. It 



generally divides into thr«e ports, the two extreme ones of which become lost 
in the two large maseea, the intermediate one forming a spherule, seme milli- 
meters in diameter, which remains isolated in the middle of the interval which 
separates the large maBBes j' moreover, in each of the intervals between this 
BpDerulc and the two lai^ masses, another very mach smaller spherule ia seen, 
which iudicatCi' that the separation -of the parts of the above line is also effected 
by attenuated lines. Fig. 29 (PI. VIII) represente this ultimate state of the 
liquid system. The same cficcis are produced when the resolution of the tfain 
and elon^^alcd cylinder of oil of § 47 into spheres occurs, only there is in one 
or the oilier of the intervals between the spheres frequently a larger number 
of spherules, and, besides, the formation of the principal line is less easily 
observed, in consequence of the more rapid progress of the phenomena. Lastly, 
in the case of our cylinders of mercury, the resolution into spheres lakes place 
also in too short a time to allow of our perceiving the formation of the lines; 
but we always find, in several of the intervals between the spheres, one or two 
very minute spherules, whence wc may conclude that the separation is cfiectcd 
in the same manner." 

* Wv riiDtiot fivnid mcf^nizing an analogrj b«lwo(Mi .the pbenoDicnon of the fono&tioo ol 
liquid linen anil that of iLo tbnnalioa of lamiuic. In fuct, in the eip«riiueDt in ^ 23, for 
Inatauco, ibo plane lajer be^ns lo be fomicd wbcn tbe two oppoxiie cuucave siufacea aie 
almost in coutact witb e>u;h otiior at Iboir Hiioiinrls : and iu (bo rosutntiuu of a cyiinder ioU 
jpbeii's, Ibe l't>iiiiaticin of tbo liups comuencce wbcn all ibe mcridiunftl sG«lions of the tigtUM 
almoct tonch oath oibor by the Bumniiia of ihcir concave portions. 

When treating of ilic iajoia. we have eansidered itwir formation as indicating a kind of 
tendenrj loivardH a particular stale of rquilibiium, wbicb tesultn from the tircuniBlance that 
in tbe case ol'ibc tbiu part of tbe liquid B^stcm tbe ordinal^ biw of prcsfiiirc ia modified. For 
Ibe Bualo^n' 1iclni«n tbo two orders of phenonictia lo bo compleio, it would, (berefore, be 
neceoBBry iiitit exn-Hiiively de^iraio liquid liueB should connect thick masBCH, and sboutd tbos 
form with tbcno niasBca a Rjaiem in t^ii.librio, uotwitbsiandin^ ilie inconipalibilit; of Ibis 
eqailibrium wiih the ordinary law of prc&tiures. Now, we Bball show ibat this eqailibrinta 
la in reality iio.-'Kiblo, at Icaiit tbeercticaUy. Let us always lake as example Ibe resolution 
of oar uustablo cylinder inio panial luasses. When Ibe cylindrical lines form, Ibeir diameter 
' n vei^Kmall in coniparison whb the dimonBions of the thick masfipsi conscqilentlT 
'n ibe direction perpendionlar to the v...' ia very great in rompariauQ with 



mueb greater ibuu Ibose cornvponding to the ibick masses, ii beuco it fullowB that tbe liquid 
must lie driven from the interior of ll^ lines towarda tbese Bame uiasaes. and tbat ibe lines, 
like the layers, ought to continue diminishing. Moreover, tbeir curvatures, and conse- 
quently tlipir pressure augmenting iu proponiou as Ibey beconiB more atlenualed, their 
tendeney to dimiuisb in ihickneBi will go on incieoaing, and consequently if we disregard 
tbe instubiiiiy of the cj'lindriral form, ve see that ibi'y uiuat becuuic <i( an excessive tenuity. 
Bnt I Huy tbtti tbe augmentation of the prcssuro will have a limit, bevnnd wbicb ibis pressure 
will progTcsnivety diminish, so that it may become equal to that which coireBponde lo the 
thick parts <if Ibe liquid system. 

In laut, wiih(>nt having recourse to theoretical developments, it is ruodity seen that if llie 
diauietur uf Ibe line becomes lena than (but of lliu spbem of Ibc sensible octivitj of (he mole- 
cular at iraet ion, the law of ibe in assure must l)C(.-otne moditied, and, tbo diameter continaing 
to.dcrrease. the paiieurc must bninb by also pru?rcsHively diminishing, DolwilhslaudiDg tbe 
Increase of the eiirvntures, in consequence of tbe diminution in the nutiihcr of attracliDg 
molecules. IJenee the pressure may dindnish indcGnitcly; for il is clear that it wooM 
entiicty vanisli. if the diameter of the line became reduced to the thickness of a single mole- 
cule. Those geometricians who study ibe theory of capillary actjon know that the formule 
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Afl we are now acquainted with the entire courae which the transform ation 
of a liquid cylinder into isolated spheres moBt take, we can represent it graphi- 



M^SO. 




callj'. Fig. 30 represents the successive forms through which the h'qnid figure 
passes, commencing with the cylinder up to the system of isolated spheres and 

of this tbeoi7 cea«e to be applicable in the case of very great cnrvatorea, or tbow tbe radii 
of which are compaTablc to tliat of molecalai atlraction. Now. it follows from what has 
been Blutcd, that wo may atiray s supposo tbe ihmoess of the lino to be such that the cor- 
TBflpoDding pressure maj be eqoal to that misting in (hicl< niaasea nbich hivve altaluod a 
State of eqailibriam. !□ this ca^e, admitting that the lines are matbemali[:n.llf regular, to 
that tbe pressuie there maj be ever; where rigorously the same, conacqneDtlj that toej baTS 
no tendcDcy to resolve themselves into small partial masses, equilibrium will oecessarily 
exist in tho sjslem. In this case the form of the thick masses will not ba tnalhemstically 
spherical ; fur their snitface must becotne slighlly raised at the junctures with tho lines by 
presonling concave carvatures in the meridional diraclion. This form will be the anme as 
that of an isolated maBS, traversed ilianietricallv bv an cicessiTelj minute eolld lino, ($ 10.) 
This Bjstem, like thosp into the composition of which layers enter, is composed of surfaces 
of a different nature ; but ibis hctoiogeneity of form becomes possible hero, as in the caae of 
the layers, in consoquonce of the change which the law of preunrcs umlcrgoes in passing 
from one lo another Eind of surface. 

We can, moreover, nnderstaud that the equilibrium in qaeetion, although possible tbeo- 
retically, as we have shown, can never be realized, in consequence of the cjlindrical fonn 
of the lines. The aame docs not apply to the case of the plane layers \ for. as we shall show 
in the following scries, the plane auifaces are always surfaces of stable equilibrium, wbateTei 
may be their extent. 
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of sphcnilcs. TLis figure refere to the case of a very slightly viacid liquid, 
BBch aa water, alcohol, &c.. and where the convex surface of the cylinder is 
peifecOy free; consequently, in accordance with the probable conclusion with 
which I CO terminates, the proportion of the length of the divisions to the 
diameter has been taken as equal to 4. 

The phenomenon of the formation of lines and their resolution into Bpherates 
is not confined to the ease of the rupture of I he equilibrium of liquid cylinders; 
it is always manift-sted when one of oar liquid masses, whatever may he its 
figure, is divided into partial masses. This i's the manner in which, for 
inslaiice. in § 29 of the preceding memoir the minute musses which were then 
comparc^d to satellites are formed.* The phenomenoD under considcnttion is 
also produced when liquids are submitted to the free action of gravity, although 
. it ia then less easily pliowtr. For instance, if the rounded end of a glass rod be 
dipped in ether, and ihen withdrawn cnrefully in a perpendicular direction, at 
the instant at which the small quantity of liquid rcjoaining adherent to the rod 
separates from the mass, an extremely minute spherule is ceen to roll upon the 
surface of the latter. Lastly, the phenomenon in question is of the same nature 
as that Which occurs when very viscid bodies are drnwu into threads, as glass 
Boficned by heat, except that in this case the great vii<cidity of the substance, 
and moreover the action of cold, which solidifies the thread formed, maintains 
the cylindrical form of the latter and allows of its acquiring an indefinite 
length. 

C3, To complete the study of the transformation of liquid cylinders into 
isolated spheres, it still remains for us to discover the law according to which 
the duration of the phenomenon varies with the diameter of iho cylinder, and 
to endeavor to obtain at least some indications relative to the absolute value 
of this duration in the case of a cylinder of a given diameter, composed of s 
given liquid, and placed in given ciifumstanees. 

We can understand. H priori, that when the liquid and the external circum- 
stances are the Fame, and suppoping the length of the cylinder to be always 
such that tlio divisions assume cxiicily ilieir normal Icngrh, {§ 53.) the duration 
of the phenomenon mnst increase wiih the diameter; for the greater this is, the 
greater the mass of each of the divisioni>, and, on the other hand, the less the 
curvatures upon which the hitensities of the configuring force!* depend. It is 
true that the surfire of each of ihe divinions increases aluo wiih the diameter 
of the cylinder; consequently it is the name with the number of the elementary 
configuring forces; but this angmenialinn takes phicc in a let^s proportion than 
tha; of the mass. This wc shall nrocced to show more disiincrly. Under the 
above conditions two cylinders, the diamclers nf which are dilfereut, will be- 
come divided in the same manner; i.e., ihe pnijionion of the lengih of a divisfon 
to the diameter will be the same in both parts, (§ 55} Kow, it may lie considered 
as evident that the similitude in figure will be m.iint4)ined in all the phases of the 
transfoi-mation ; this is, moreover, confirmed by expriment, as we shall soon see. 
Hence it follows at each homologous instant of ilic traiif formal ions of the two 
cylinders the respcclive surfaces of the divisions will always be to each other 
as ihe sqiim-es of ihi- dianjelcra of these cylinders, whilstlhe masses, which 
evidenlly remain invariable ilironghout the <niirc duration of the pbenonicnn, 
will always bo to each oilier as ihe cubes of these diameters. Thus, at each 
homologous instant of the respective transformations, the extent of the super- 
ficial layer of a division, consequently the number of the configuring forces 
which emanate from each of the elements of this lay^r, change from one figure 
to the other only in the proportion of the squares of the primitive diameters of 

• Jl in clear thai this mocJotifrontiationiapntiiclyforcien to Lh Pluce's coMuo''oiiic hvoo- 
theeia 1 Hieicfora wo have hnil no idea of dt-docing froni lUis liti!e experiment. « liicb ^ulj- 
relets to (lie effetls of nioltcular altracliou, aD<l uut to those of graviiMiuu, anv nr^uieDl in 
f«yor of the hypothosis in question— au hyputhMis which, in other roapccta, we do uot adopV 
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these, figarea ; whilst the mass of a dineion, all tho parts of which mass receive, 
andrr the action of the forces in qaeslioa. the movemeuts constituting the 
transformation, change.^ in the proportion of the cubes of these diameters. As 
regards the iateneitics of the configuring forces, we must remember, first, that 
the measure of that which corresponds to one element of the superficial l&yhi 

has (5 5'J) for its expresaton "p I ff + n< )■ '^^'^ granted, if, at an homologous 
instant in tho transfonnationa of the two figures, we take upon one of the divi- 
sions of each of the latter any point similarly placed, it is cl(;ar from the simili- 
tude of these figures that the principal radii of curvature corre^ ponding to the 
point taken upon the second ivill be to those corresponding to tiie point taken 
upoit the first in the proportioa of the diameters of the original cyliuders, so 
that if tbis proportion be n, and the radii relating tb the point of the first figure 
be R and U', Uiosc hclonging*to the point of the second will be nR and nR'; 
whence it follows that the measure of the two configuring forces corresponding 

. , A / 1 1 \ , A / 1 1 \ 

to these pomts will be respectively ^ t ij + ny I- ^""l o" I ~T( + "TJi J ^ 

■ 2^ V R "*" It" A '^^^^' '"^ passing from the first to the second figure, the 
inteusitiea of the elementary configuring forces in all the phases of the trans- 
formation will be to each other in the inverse proportion of the diameters of 
the cyliuders. 

I hiive convinced myself, by means of cylinders of mercury 1.05 millimeters 
and 2.1 millimeters in diameter, (^ 5i and 55,) that the duration of the phe- 
uomenou increases, iu fact, with the diameter : although the transformation of 
these cylinder^ is effected very rapidly, yet we have no difficulty in recognizing 
that the duration relating to the greater diameter is greater than that which 
refers to the least. 

64. As regards the law which goveruB this increase in the duration, it would 
undoubtedly be almost impossible to arrive at its experimental determination iu 
a direct manner, i. e., by measuring the times which the accomplishment of the 
pbenomenou would require in the case of two cylinders of sufficient length 
to allow ot'jjieir being veepectively converted into several complete isolated 
aphcrules, and of their satisfying the conditions indicated at the commencement 
of the preceding section. In fact I can hardly see any method of realizing such 
cy tinders without giving thcro very minute diameters, like those of our cylinders 
of mercury, and then their duration is too short to allow of our obtaining the 
proportion with sufficient exactness. 

But we may be able to arrive at the same result, but with certain rcstrictious, 
which we shall mention presently, by means of two abort cylinders of oil formed 
between two disks, (§ 4t>;) there is nothing to prevent these cylinders from 
being obtained of such diameters as to render the exact measure of the durations 
easy. In the transformation of a cylinder of this kind, only a single constric- 
tion and a single dilatation ore produced ; but as in the transformation of cyl- 
inders which arc sufficiently long to furnish several complete isolated spheres, 
the phases through which the constrictions and the dilatations pass ore the some 
for all, we need only consider one constriction and one dilatation. We can 
understand that the i-elative dimensions of the two solid systems ought to be 
such, that the relation between the distance of the disks and their diameterB is 
the same in botli parts, in order that similitude may exist between the two liquid 
figures at their origin and at each homologous instant of their transformations. 

Before giving an account of the employment of these figures of oil for the . 
determinattoa of the law of tho durations, we shall take this opportunity of 
making several impoitaut remarks. We shall only require to make use of the 
law in question in, that case, which m other respects is the most simple, where 
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the cylinders are formed t» vaato or in air, and are free irnm all external resiat- 
ancet or, in other words, free apoa the whole of their convex eurface. Now oar 
Bhort cylindera of oil are formed in the alcoholic liquid, and it might be asked 
whether this circumstance does not eiert some influence upon the proportion of 
the durations corresponding to a given proportion between the diameters of these 
cylinders. At first, a greater or lees portion of the alcoholic liquid must be 
displaced by the modifications of the figures, so that the total mass to be moved 
in a transformation is composed of the mass of oil and this portion of the alco- 
holic liquid ; but it is clear that ia virtue of the similituUe of the two figures of 
oil and that of their movementfl, the quantities of BUrrounding liquid respectively 
displaced will be to each other exactly, or at least apparently, as the two masses 
of oil; so that the relation of the two entire masses will uiit bs altered by this 
circumstance. Hence it is yery probable that this circumstance wilt no longer 
exert any influence upon the proportion of the durations, except that tho abso- 
lute values of these durations will be greater. On the olher hand, the mutual 
attraction of the two liquids in contact diminishes the intensities of the pressures, 

S§ 8,) and conaequently the configuring forces; but it is easy to see that this 
limination does not alter the relation of these intensities in the two figures. 
For let us imagine that at an homologous inetaut of the two Iransformatious the 
alcoholic liquid becomes suddenly replaced by the oil, and let us conceive in 
the latter the surfaces of tho two figures as they were at that instaut. The 
configuring forces will then be completely destroyed by the attraction of the oil 

_ outside these surfaces, or, in other words, the external attraction will be at each 
point eqnal and opposite to the internal configuring force. If we now replace 
the alcoholic liquid, the intensities of tho external attractions will change, but 
they will evidently retain the same relations to each other; whence it follows 
that those corresponding to two homologous points taken upon both the figures 
will still be to each other as the configuring tbrces commencing at these points ; 
BO that in fact the respective resultants of the external and internal actions at 
these two same points will be to each other in the same proportion as the two 
internal forces alone. Thus the attractions exerted upon Uic oil by the snr- 
tonnding alcoholic liqnid will certainly diminish the absolute intensities of the 
configuring forces, but they will not change the relations of these intensities, 
consequently they may be considered as not exertiug any influence upon the 
durations. But it is clear that this cause will nevertheless greatly increase the 
absolute values of the latter. For the two reasons which we have expl^ned, 
'the presence of the alcoholic liquid will then increase the absolute values of the 
two durations to a considerable extent ; but we may admit that it will not alter 
the relation of these valu^, so that this proportion will be the same whether the 
phenomenon take place in vacuo or in air. We shall, therefore, consider the law 
which we deduce from our experiments upon short cylinders of oil as inde- 
pendent of the presence of the surroiinding alcohojic liquid, and this will be 
onnd to be supported by the nature of the law itself. 

But the exact formation of our short cylinders of oil requires (§ 4G) that in 
these cylinders the proportion between the length and the diameter, or what 
comes to the same thing, between the sum of the lengtbs of the constriction and 
the dilatation and the diameter, exceeds hut little the limit of stability. Kow, 
in the transformation of cylinders sufficiently long to furnish several spheres, 
which wonld be formed in vatnco or in tho air, and free upon theu- entire convex 
sntface, and the divisions of which have their nonnol length, the proportion of 

' the sums of the lengths of one constriction and one dilatation to the diameter, 
which proportion is the same as that of the length of one division to the diam- 
eter, would vary with the nature of the liquid, (§ 50,} and we ore ignorant 
whelber the law of the durations is independent of the value of this proportion. 
The law which we shall obtam in regard to short cylinders of oil can only there* 

_,,, Google 
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fore be legitimately applied to cyliiidera of sufficient length to furnieh Beveral 
epherea supposed to oo in the above couditione, in tbe cose where these lattet 
cylinders are formed of such it liquid that they would give for the proportion in 
question a value but little greater than that of the limit of stability' 

Now this is the case of nieri;ury, (§ 60,) aud it is also very probable that of 
all other very slightly vidcid liquids, (§ 60.) Thus the law given by the short 
cylinders of oil will be exactly or appareutfy that which wodil apply to cylin- 
ders of mercury of sufficient length to furnish several spheres, supposing the 
hitter to ho produced in vacuo or in air, free at the whole of their coiive:^6urface, 
and of such length that the divisions in each of them would assume their normal 
length. Moreover, the same law wnuid be undoubtedly applicable to cylinders 
formed of any other very slightly viscid liquid, and supposed to be iu tlie same . 
conditions as the preceding. 

The I4W may possibly be completely general, i. «., it may apply to, cylinders 
formed, always under the same circun^ptanccs, of any liquid wbatei'er ; but our 
experiments do not furnish us with the elements necessary to dceidc this ques- 
tion. Lastly, the transformation of our short cylinders presents a peculiarity 
which entails another restriction. Tbe two final masses into wliieh a cylinder 
of this kind resolves itself being nnequal, tbe smallest acquires its form of 
equilibrium considerably before the other, so that tbe duration of the phenom- 
enon is not tbe same. Hence we can only determine its duration up to the 
moment of the rupture of the hue ; consequently tbe proportion which we thus 
obtain for botb cylinders will only be that of tbe durations of two homologous 

Sortions of the entire transformations. Moreover, tbe proportion of ibese partial 
urations is exactly that of which we shall have bcreafter to. make use. 
65. I made the experiments in question by employing two systems of disks, 
tbe respective diuicusions of whicD were to each other as one to two; in tbe 
former, the diameter of the disks was Id millimeters, and they were 5i milli* 
meters apart ; and in the second ibcir diameter was 30 millimeters, and tbeir 
distance apart 103 luillimetera. The cylinders foi-med respectively in these two 
systems wcie therffn re" alike, and, as I have previously stated, (^63.) these 
two figures exactly maintained their similarity, as far as the eye was capable of 
judging, in all the phases of their transformations. It sometimes happened that 
the cylinder, when apparently well formed, was not at alt persistent aud imme- 
diately began to alter; this circumstance being attributable to some slight 
remaining irregularity in the figure, I immediately re-estabtisbexl the cylindrical 
form," aud the time was only taken into account when tbe figure appeared to 
maintain this form tor a few moments. Auother anomaly then sometimes pre- 
sented itself, whicli consisted in tlie simultaneous formation of two constrictions 
wiib an intermediate dilatation ; this modification ceased when it had attained 
a very slightly marked degree, and the figure appeared to remain in the same 
state for a considerable period ; t then one of the constrictions became gradually 
more marked, whilst the other diBappeorcd, aud the trans to rmatiou allerwards 
went on in the usual maimer. Aa this peculiarity constituted an exception to 
the regular course of the phenomenon, I ceased to reckon aa soon as it showed 
itself, and I again re-established the cylindrical form. The estimation of the 
time was only definitively contmued Id those cases in which, after some per- 
eistencc in the cylindrical form, a single constrictiou only was produced. 

1 repeated the experiment upon each of the two cylinders twenty times, in 
order to obtain a mean result. As soon as one transformation was completed, 

* See ths second note to par^raph 46. 

t W« shall »ee, in Ihs folloniug Eeries, to what this alDgnlar modiGcatton in the £gan Is 

DigmzecDyGoOglc . 
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I reunited tlie two masses to which it bad given rise, and again formed the 
cylinder,* in order to proceed to a new measure of the time. 

Tiie number of seconds are given below ; each expresses the time which 
elapsed fiom the moment of tbe transformation of the cylinder to that of the 
rapture of tlic line. These periods were determined by means of a watch, which 
beat tbc Jths of a second. 



Cylinder Cylinder 





It is evident that the numbers relating to the same diameter do not diSc 
Bufficienlly from eacli other to prevent our regarding the proportion of the two 
means as cloii^ly approximating to the true propoitton of the duratioup. Now the 

Sroportion of <he:^c two means is 2.04, i. e., almost csactlycqual to that of tbe two 
iametcTB. Moreover, it is evident that in the case of each of tbo Litter the 
greatest of tbe numbers obtained must corronpond to that case where the cylinder 
is formed in the most perfect manner; consequently it is probable that tbo pro- 
portion of these two greatest numbers also closely approximates to the true 
proportion of the durations. Now, thc^e two numbers are, on the One hand 
36. i, and on the other 73.6, and their proportion is 3.03, which number differs 
Btill lees from 2, or from the proportion of the diameters. 

We may, therefore, admit that the durations relating to these two cylinders 
arc to each other as their diameters; whence we deduce this law, that the par- 
tial duration of the transformation of a cylinder of the same kind is in proporliou 
to its diameter. 

I have Baid'(§ 64) that the law tbns obtained would of itself furnish a new- 
motive for believing that it would not change if our short cylinders of oil wei-e 
produced in racuo or in air. In fact the proportionality to the diameter is the 
simplest possible law ; and, on the other Ijand, the cireumstauces under which 
the phenomenon is produced are lees simple in tbe case of the preeenee of the 
alcoholic liquid than they would be in that of its absence ; consequently, if tbe 
law changed from tbc tirst to the second, it would follow that n simplification 
in the circumstances would, on the contrary, induce a complication of the law, 
which is not very probable. 

* This WHS pffected by cnniliirling the Inr^ maes lowardg tlie smull one, by means of the 
ling of VI bicb I spuko in rbp lirsl aote to paraj^raph 46. Bat caie must bo luken to prevtnt 
the ring, on sepnrailng fruin tbe liquid liguie, from canjing away wilh it any pcrcrptiblo 

Juantity of oil ; for llii:( purjHWp, inattad of uiakiug tho entire ring odliera to tbo great mass, 
lett a emnll |iortic!n of ibo lulltr fiee, and, as its acljou was [lii.'u insufiicieut lo uiako the 
largo Dia'a icuch the otbrr, I u:dcd ii by gcutly pushing Iho oil with tli<t extremity of the 
point uf tbo STringo. On withdrawing Ibc ring after the reunioD of tbe two maeees, only a 
very small siiiierulo of oil seiHiratcd fiuni it in the alcoholic liquid, which iu the next experi- 
ment I Bgaiu united to the rest of tbc oil by mcaDa of the ring itself, as also the largest of 
the spherules arising from the tranHibnualion of tho line. 
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Wc mny, therefore, I tliink. legitimatply generalize the above law tn itccord- 
anee with tlic whole of tljc remarks made in the preceding section, and deduce 
the following conclusione: 

1. If wo concfivo a cylinder of mercury formed in vaeuoor in air, of Bufficient 
length to furnish several spheres, its coiivei Hurfuce being entirely free, and ita 
length stich that the divisions assume exactly llieir uormtil length, the time 
which will elapse from the origin of the I runs form-it ion to the inBtant of the 
rupture [>f the lines will be exactly or apparently proportional to the diameter 
of tbia cylinder, 

2. The eamc very probably applies to a cylinder formed of any other very 
slightly viscid liquid, aa water, alcohol. &c., and supposed to exist ander the 
same circumstances. 

3. It ia possible that this law ia completely general, t. e., applicable to a cyl- 
inder formed, always under the same circumstances, of any kind of liqnid what- 
ever ; but our experiments leave us in doubt on this point. 

66, Lot us now enter upon the consideration of ilie absolute value of the time 
in question for a given diumeler, the cylinder always being supposed to be pro- 
duced iu racao or in air, of sufficient length to funiisli several spheres, its entire 
convex surface free, and its. length such that its diviaioiis assume their normal 
length. It is clear that tliia alisohitc value must vary according to the nature 
of the liquid ; for it evidently depends Upon the density of the latter, upon the 
intensity of its configuring forces, and, lastly, upon its viscidity. The experi- 
ments which we have detailed give with regard to oil a very remote superior 
limit; this results, first, from the two causes which wc have mentioned in ^ 64, 
and which are due to the presence of the alcoholic liquid ; but- with these two 
cause'8 is connected a third, which we mui^t make known. If we imagine a cyl- 
inder of oil formed under the above conditions, the Bum of the lengths of a 
conslriclion and n dilatation will necessarily be much greater in regard to this 
cylinder than in regard to one of our short cylinders of oil of the same diameter; 
fur in the former this sum is equivalent to the length of a division ; and in con- 
sequence of the great viscidity of the oil, this latter quantity must greatly 
exceed the length corresponding' to the limit of stability. Now, it may be laid 
down aa a principle, that, all other things being equal, an increase iu tlic sum 
of the lengths of a constriction and a dilatation tenda to render the transformation 
more rapid, and consequently to abbreviate tlio total and partial durntiona of 
the phenomenon. In fact, for a given diameter, the more the sum in question 
differs fi-om the length corresponding lo the limit of stability, the more the forces 
which produce the I rans formal ion must act with energy ; moreover, as the trans- 
formation erases to lake place immediately above the limit of stability, the 
duration ' f (he phenomenon may then bo considered as inhnite, whence it fol- 
lows that when this limit is exceeded, the duration paBsea from an infinite to a 
finite value, c'lnsequenlly it must decrease rapidly na it deviates from this limit ; 
lastly, this is also confirmed by the results of observation, aa wc shall sLow 
hereafter. Thus, even if it were possible to form in racuc or in air one of our 
very abort cylinders of oil, conj-equently to eliminate the two causes of retarda- 
tion due to the presence of the alcoholic liquid, the duration relative to the 
cylinder would still exceed that which would relate to a cylinder of oil of the 
same diameter formed under the conditions we have Supposed. 

1 have said that the principle aliove established is confirmed by experiment, 
t. e., for ihe same diameter, the same'liquid, and the same external actions, if 
any exist ; when, from any cause, the sum of the lengths of a conatriclion and a 
dilatation augments, the total and partial durationa of the transformation become 
less. We shall proceed to make this evident. Id the experiments of the pre- 
ceding section, the partial duration relating to the cylinder, the diameter of 
which was 15 millimcicre, was, for instance, iJiout 30 seconds, the mean, as ehown 
by the table. CoQBeqnently, if wo were to form in the alcoholic liquid a aimilor 



?^:? 7i;r ri.-.tr? c^r ExiriLiBaiuM of a liquid uass 

. - . ,,;, :ii' .^:.Il' ;.: •/ vhicb ia 4 millimctere, the partial duration of 
.: ^ - r, ■:. •' .1'' •^<' aLich we Lave fouud, would be nearly equal to 

-T »' N, ». in ihi? Dearly cylindrical figure of oil of 5 47, wliicli 

-^- - > ^- I .-.■.I.-'. = :f!<" alcoholic liquid, the mean diameterwas (5 56) about 

, : >..:;;. ^ .anil the prccccliug figure, tho diameter, the liquid, and 

-, ■ ■ L ;~ ■.:,> ;j..u arc the same; but in the former, the Bum of the lengtha 

. >. .-> ^ . -. 4Uil the dilatation would only be equal to 4 millimcterg, 

. . . • .. . rj< :er^, whilst in the second, this sum, which is equivalent to 

» ., I ..-i.'ii, was (5 5C) npproximatively 66.7 millimeters. Now, on 

,. >. - ; ■ - ,,::<t tif^ro, we recognize easily that the duration of its trana- 

■- ■;;,:> k'^s than 8". In truth, from the nature of the L'xperiment, 

~ , i^- . »i;hrfgatd to this same figure to fix upon the commencement 

• - ■..,. a ofa given constriction or dilatation, so that the complete dura- 

: '-•;,: i-i:^;.it'r.ibly exceed that which would be deduced by the simple 

: . . V . -. oi' tiu- pheuomcnon ; but the latter does not amount to one second, 

A . . - .V i,M;;u<>t no any doubt that it would bo going too tor to extend tho 

^^ - .' U^imiion, and i fortiori, the portion which terminates at the rupture 

jh . .' . x.s [v> two seconda. Thus in the case we have juel considered, the sum 

o; .1 ' •< •::;th of a constriction and a dilatation beeom'ing about four and a half 

t..:.''^ f"' '<<'i^- the partial duration becomes at least four times lesa. 

<,>;. l-.it if. in reckoning the ah^olntc duration in the case of one of our abort 
«'^ -iiIiT^ of oil. wo only obtain with regard to this liquid one upper limit, and 
t,. > i-iucli l<>o high, the cylinder of mercury in § &r) (which cylinder is formed 
i 1 ■.;■ ' ,t;r. uiid the length of which in proportion to the diameter is sufficient for 
»: o «", * i--fou* to have assumed exactly, or very nearly, their noi-mal length) will 
lu.;:>.'i ««. on the contrary, in regard to this latter liquid, with a limit which U 
puKuly iui>n' approximaiivo and which will be very useful to ua. 

t':i>i! ill iho ca^e of this cylinder, the diameter of wbich, as we have said, 
wu!i i.i uiilliut'tcrs, the transformation does not take place in a sufficiently short 
iliui' I'^-r us to estimate with any exactitude the total duration of the phenomenon j 
I ?av thi- t"tiil duration, because in so rapid a transformation it would he very 
tlii^i-ull to di-cermiue the instant at wbich the rupture of the lines occurs. To 
«ppi\>xim;>tu as closely as possible to the value of this total duration, I have had 
(v'toui'si- to the following process. 

lly suoii'ssive triaU, I regulated the beats of a metronome in such a manner, 
lh.tt ou rapidly raising, at the exact instant at which a beat occurs, the system 
ot" j;lass slrii>s belonging to the apparatus serving to form the cylinder, (5 50 and 
iil,) ihe succfcJing beat appeared to rae to coincide with the termination of the 
tmi^sloriiation j then having satisfied myself several times that this coincidence 
ap^eun-d very exact, I determined the duration of the interval between two 
Wats, bv counting the oscillations made by the instrument during two minutes, 
and Ji\ uUii^ this time by the number of oscillations. 1 thus found the value 
C'.U',) lor ihe interval in question. The total duration of the transfonnation of 
our cviluiUr of mercury may therefore be valued appro ximatively at 0''.39, or 

der is not ^c, and its contact with 
ipon its duration, both directly oa 
1 the length of the divisions. Let 
his double point of view, 
ate is undoubtedly very slieht; for 
1 liquid must detach itself trom the 
parts, so as only to touch tlio solid 
belonging to. these dilated parts ; 
t of the plate were alone eliminated, 
nvex sarface of the cylinder ehonld 
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be free, bnt that the divisions formed in it abould acquire the same length as 
before, the total dnralion would scarcely be at all diminished. 

There still remaiua the effect of the elongation of the divisions. The length 
of the diviflions of our cylinder is equal to 6.3S times the diameter, (§ 56,) 
whilst, according to the hypothesis of the complete freedom of the convex sur- 
face, this length would very probably bo le«s than four times the diameter, 
(I 60.) Now, in virtue of the pnuciple eBtablished in the preceding section, thia 
increase in the length of the divisions necedsarity entails a diminntion in the 
duration, which diminution is more considerable in proportion ok it occurs in 
the vicinity of the limit of stability ; consequently, if it could be manae;cd so that 
the elongation in question should not exist, the total duration would be very 
considerably increased. Thus the suppression of tbo direct action of tbo con- 
tact of the plate would only produce a very slight diminution of the total duration ; 
and the annihilation of the elongation of the divisions would produce, on the 
other hand, a very considerable increase in this same duration. If, then, these 
two influences were simultaneously eliminated, or, in other words, if the cntirfi 
convex surface of our cylinder were free, the total duration of our transformation 
would be very considerably Rreuter than the direct result of observation. 

Now, tbo quantity which we have to consider is the partial, and not the total 
duration ; but, under the same circumstances, the first mnst be but little leaft 
than the second; for when the lines are about to break, the masses between 
which they extend even then approximate to the spherical form; consequently, 
in accordance with the conclusion obtained above, we must admit that the 
partial duration under our present consideration, t. e., that referring to the coae 
■ of the complete freedom of the convex surface of the cylinder, would still exceed 
considerably the total duration observed, ?. e., 0".4. 

Id starting from this value 0".4 as couatitutiug the lower limit corresponding 
to a diameter of 2.1 millimeters, the law of the proportionality of the partial 
duration to the diameter will immcdiatety give the lower limit corresponding to 
Any other diameter; we shall fiud, c. j'., that for6 millimotera this limit would he 
0".4 + 10 ,„„ . , „„ 
— — l^g, or more simply 2". 

If, then, we imagine a cylinder of mercury a centimeter in diameter, formed 
m vacito or in air, of stifficient length to furnish several spheres, entirely free at 
its convex surface, and of such a length that its divisions assume their normal 
lengtfa, the time which will elapse from the origin of the transfonnation of this 
cylinder to the instant of the rupture of the lines will considerably exceed two 
eeconds. 

68. It will not be superfluous to present here a rttumi of the facts and lawB 
which the experiments we have described have led us to establish with respect 
to unstable liquid cylinders. 

1. When a liquid cylinder is formed between two solid bases, if the proportion 
of its length to its diameter exceeds a certain limit, the exact value of which is 
comprised between 3 and 3.6, the cylinder constitutes an imstable figure of 
equilibrium. 

The exact value in qnestion is that which we denommate the limit ofttability 
tf the eylindert. 

2. If the length of the cylinder is considerable in proportion to its diameter, 
it becomes epoataneously converted, by the rupture of equilibrium, into a series 
of isolated spheres, of equal diameter, equally distant, having their centres 
npgn the right line forming tbo axis of the cylinder, and in the intervals of 
which, in' the divection of this axis, spherules of diSereut diameters are placed; 
except that each of the solid bases retains a portion of a sphere odhennt to iu 
Biufsce. 

3. ThecourBeofthephenomenonisasfoUowe: The cylinder at first gradually 
swells at those portions of its length which are sitnated at eqnal distances from 



284 THE FIQUEE8 OF EQUILIBRICM OF A LIQUID MASS 

eacli other, whibt it bccomca thinner at the intermediate portions, and the length 
of the (lilatntioud thus formed ia equal, or nearly bo, to that of the coniitrictions; 
these modilicaliona become gradually more marked, ensuing with accelerated 
rapidity, until the middle of the conatrictious has become very ihin ; then, com- 
mcuciug at the middle, the liquid rapidly retires in both directions, still, however, 
leaving the masses united two and two by an apparently cylindrical line ; the 
latter then cxpciieuccs the same modifications as the ejlinder, except that there 
arc in general only two cnnstrictions formed, wliich eoiiBeqnently include a 
dilatation between them ; each of thcao little constrictions becomes in ita turn 
converted into a tliiimer line, which breaks at two points and gives rise to a 
very minute isolated Bphemlc, whilst the above dilatation becomes transformed 
iuto a larger spherule; lastly, after the rupture of the latter lines, the lai^ 
mas.-ea assume completely the spherical form. All these phenomcua occur 
eymmctrically as regards the axis, so that, throughout their duration, the figure 
is always a figure of revolution. ' ' 

4. W- denominate diruion* of a liquid cylinder, those portions of the cylinder, 
each of which must furnish a sphere, whether we conceive these portions to exist 
iu the cylinder itself, before they have begun to be apparent, or whether we take 
them during the trausformation, t. e., whilst each of them is becoming modified 
BO us to ariive at tiiM sphericd form. The length of a division consequently 
mciksures the constant distance which, during the transformation, is included 
between the necks of two adj[icent constrictions. 

Moreover, by normal l^ij;tk of l/ie'dirUiont, we denominate that which the 
divi:^ious would aeaume, if the length of the cylinder to which they belong were 
infinite. 

In the case of a cylinder which is limited by solid base.'!, the divisions also 
assume the normal length when the length of the cylinder is icqual to the pro- 
duct of this normal length by a whole number, or rather a whole number and a 
half. Then, if the second factor is a whole number, the transformation becomes 
disposed in such a manner that during its accomplishment the figure terminates 
on one I'ide with a constriction, and on the other with a dilatation ; if the second 
factor is composed of n whole number and a half, tbe ligui'e terminates on each 
side in a dilatation. When the length of the cylinder fuIliU neilher of these 
conditions, the divisions assume that length which approximates the most closely 
possible to the normal length, and tbe transformation adopts that of the two 
above diiipositions which is most suitable for the attainment of this end. 

5. In the caso of a cylinder of a given diameter, the normal length of tbe 
divisi'.us varies with the nature of the liquid, and with certain external circam- 



stances, such as the presence of a surrounding liquid, or the contact of the 
couves surface of the cylinder with a. solid plane. In all the subsequent etate- 
menls we shall take the simplest case, i. e., that of the absence of cxtemftl 
ciiTum^^tances ; iu other words, we shall always suppose that the cylinders are 
produced i'm vacuo or in air, and that they are free as regards their entire convex 
surtiice. 

C. Two cylinders of different diameters, but formed in the same liquid, and 
tbe lenglhs of which are such that the divisions assume in each of them their 
normal length, become subdivided iu the same manner, t. e, the respective 
normal lengihs of the divisions are to each other as the diameters of these cyl- 
mdcrs. In other words, when the nature of the liquid docs not change, the 
normal length of the divisions of a cylinder is proportional to the diameter of 
■ the latter. 
. The same consequently applies to the diameter of the isolated spheres into 
which the normal divisions become converted, and to the length of the intervals 
which separate these spheres. 

7. The proportion of the uormal length of the divisiooB to the diameter of the 
cylinder always exceeds the limit of stability. , , ,,;, ^^ OoOQ Ic 
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8. Tbia proportion is greater as the liqnid is more viscid and as tbc config- 
nring forces in it are weaker. 

9. In ttiQ cose of a cylinder of mcrcnry, this proportion is much loss thnn 6, 
and we may admit tliat it ia Iohs tlinn 4. 

Ill the case of a cylinder composed of any other very slightly viscid liquid, 
ench as water, alcohol, &c., it is very probable that the proportion in question 
ia very nciirly 4. Ilcncc, iu the case of tho latter liquids, wc linve for the 
probable approximative value of tho proportion of the diameter of the iaohitcd 
spheres resulting from ihe transformation and the diamHer of tlie cylinder, tbe . 
number 1.83; and for that of the proportion of tho distance of two adjacent 
spheres to this'same diameter, the number 2.18. 

iO. If mercury is the liquid, and the divisions have their norm^d lengtb, the 
time which elapses between the origin of the transformation and the instant of 
the rupture of the lines, is exactly or apparently proportional to the diiimeler 
of the cylmder. 

This law very probably applies also to each of the other very aligbtty viscid 
liquids. 

This same law may possibly be general, i. I., it may be applicable to all 
liquids; but our experiments leave this point uncertain. 

11. For the same diameter, and when the divisions arc always of their normal 
length, tbc absolute value of the time in question varies with the nature of the 

13. In the caseof mercury, and with % diameter of a centimeter, this absolute 
value is considerably more than two seconds. 

13. When a cylinder is formed between two solid bases sufficiently approx- 
imated for the proportion of the normal length of the cylinder to the diameter 
to be comprised between once and once and a half the limit of ftiibility, the 
transformation gives only a single constriction and a single dilatation ; wc then 
ohtun for the final result only two portions of a sphere which are unequal in 
volume and curvature, respectively adherent to solid bases, besides interposed 
spherules. 

(TO BB COKTIMCBn IB THB KEXT BEPOBT.) 
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HISTORY OF DISCOVERY RELATIVE TO MAGNETISM. 



"aub der natdr." 



Therb arc two great forces of nature everywhere present and at every 
moment exerting tlieir influence, namely, gravitation and magnetism. They 
arc eimilar in many particulars, all pervading and perliapg equftlly powerfiu. 
The magnetic phenomena of the earth, however, do not manifeet themselvea as 
freely to the eeoses aa those of gravitation, and the naturalist ie obliged to cm- 
ploy refined, and, iu some casee, complicated apparatus to study the laws of its 
operation. In this article we purpose to present to oar readers a sketch of the 
earlier discoveries relative to magnetism, and in doing so we shall also briefly 
explain the general principles of the science. 

There is tbund in different parts of the earth a mineral of a dark color, 
principally composed of irou and oxygen, which has long been an object of in- 
terest to the ignorant a^ well as the learned, principally on account of the attrac- 
tion which it exhibits for iron, and the wonderful property which it imparts to 
Htcel needles of pointing toward the poles of the. earth. Its compoBition may 
bi! expressed chemically by the formulas Fe -I- Fe^ O3. being a compoond 
of the liret and second oxide of iron. It is called loadstone, and occurs most 
generally in primary mountains of gneiss ; chlorite slate, in primitive lime- 
stone, and sometimes iu considerable masses in serpentine, and in trap. It is 
found in great quantity and purity at Eosslay, iu Sweden, in Coi-sica, on the 
island of LIba, in Norway, Siberia, Saxony, Bohemia, and in tho liartz mona- 
tains. A hill iu Swedish Lapland, and Mount Pumachancbe, iu Chili, ore said 
to connist almost entirely of magnetic ore. Extensive beds of magnetic iron ore 
ai'e found in various places in the United States, and iu some of these occur 
masses of the mineral possessing polarity ; such as those at Marshall's island, 
Maine, at Magnet's Cove, Arkansas, at Goshen. Chester county, Pennsylvania, 
and Franklin, New Jersey. 

It has been asserted that this mineral is not magnetic in its natural condition 
in the mine, but thai the pieces only exhibit this property after having been 
exposed to the light ; but this statement has not been verified, and is apparently 
at variance with well-established foctti- 

The specimens of this mineral are usually so hard that they produce fire when 
struck with steel, and it is this circumstance which renders them so diflicult to 
be worked into proper form for exhibiting in the best manner the magaetic 
property. 

'rhe name magnet, by which the mineral is known to us. is said to be derived 
from Magnesia, a city in Asia Minor, where it was first found. The Roman 
poet Lucretius bears testimonyto this in a passage of his celebrated poem on 
the nature of things, in which ho states that the Greek* called this stone mag- 
net because it was found in the country of the Magnesians. 

This statement is mucli more probable than the account given by Pliny, who 
derives the name of magnet from MagTies. a herdsman, who. in guarding his 
flock on Mount Ida. found himself suddenly held fast to a magnetic rock by the 
iron nails in his shoes and the iron point of his staff. But wliatever may be 
the origin of the names by which the magnet has been designated in different 
languages, it is a remarkable fact that ihey show distinctly the idea that pre- 
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vailed in every part of the world reapectiug the phenomenon of its attraction 
of iron. In thorfc casea where the roots of the languages have no analogy 
whatever, the ideas expressed by the terms are often identical. In some, in- 
deed, the attraction itself is alone expressed; but in the majority of cnsea the 
motile of attraction ia embodied with it — a supposed affection for the iron — a 
love for it is expressed. It is thesaincin the Kuropeanand Aftiatic languages; 
nnd aa the magnet is found in all, or nearly all, the countries of the Old World, 
we can only Bnppo»e that it arose in most cupea in every language independently 
of any other. Nor is this peculiarity wholly confined to the names amongst 
nations of the moat poetic temperament, ainee even the Ghineae have the same 
idea in their Tlitu-chy (the common narof) or loventone. What may appear 
moat anrpriatng is, that the name of the magnet seldom occurs in the older 
poetry of any country; but probably tliie arose from ihe nnpoetic subject, 
namely, that of iron, with which it was conpled. In the poetry of later timeSi 
however, allusion to the magnet often occurs, and in several bcaaliful passages 
of onr own it wonld bo easy to point it out, both in expressing love and con- 
stancy — the former by its attractive, and the latter by its direct power. No 
phrase, indeed, is more familiar than to call the object of affection " the magnet." 

From all the records which refer to the subject, we must conclude that the 
ancienta had at an early period a knowledge of some of the more obvious 
phenomena of magnetism, and that they posaessed magnets of considerable lift- 
ing power. They appear also to have been acquainted with the means of in- 
creaaiug the attractive power of the loadstone by the application to its poles of 
what ia called an annature. that 4b, by applying pieces of aoft iron to the parts 
of the atone which exhibited the greatest aitraction. and which, as we shall here- 
nfter see, are called its poles.- Thns, Claudenua, in his work entitled Magnts, 
atates that the wonderful stone gains power by contact with iron, and loses it 
again by the eeparalion of this metal. 

The same author describes a performance in a temple in which a statue of 
Venua, cut from a magnet, lifted an iron vtatue of Mars into the air. Lncian, 
in his work on the Syrian goddess, mentions a similar performance, in which a 
statue of Apollo waa lifted before his eyes by the priests without being touched, 
and remained suspended in the air. Fliuy aUo rclatca that Dlnocrates, an 
architect of Ptolemy Philadelphua, commenced to bnild a temple at Ales;indria, 
in honor of Arsiuoe, aister of the King, of which the vault was to be built of 
magneta, so that an iron statue of the former might be suspended in the air. 
This temple, however, was not finished because both Ptolemy and liia archi- 
tect died oefore it could be completed. 

According to Cedrenus and Augustine, a similar performance was actually 
exhibited in a temple of antiquity. The former asserts that the etntuc of an 
ancient god was held suspended by magnetic power in the sernpium at 
Alexandria, and iho latter, without mentioning any particular trmplc, states 
that the suspension waa auch as to cause the people to believe that the atatne 
was soaring in the air. Matheolua, a commentator of Galenu.'t, relates a similar 
story of the Coffin of Mahomet, which is said to soar in the air in a eanctunry 
■ built of magnetic stonea. 

These atatcmente, though probably founded on a limited knowledge of mag- 
netic phenomeua, arc uow known to be fiibnlons, since, after a full investigation 
of the Buhjpct, we are certain that it is impossible to anspcnd in mid air, without 
contact, a piece of iron by means of magnetism. The magnetic power diminishes 
very rapidly with the distance from the poles, and, in order that the iron f hould 
be suspended, it must bo placed at the exact point in space at which the at- 
traction of the magnet upwards would be etjual to the force of gravity down- 
wards ; but if it could be placed in this position, it would not retain it fnr a 
moment, since the slightest jar or the least breath of air would diaturh the 
equilibrium, and the iron would iDuflcdtately fall to the flq^cir, or s^vg^wldto 
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contact with the poles of the raa^et. Some plaonibility waa, howeven given 

to tbcac etorios, becauBc magnetn have been ohcained which coald eustain a 
licavy woiglit of iron when the latter was in contact with ihc polea of the latter. 
U'lius. Wolf mentions examples of natnral magnets which could support, by 
mcauaof an armature, from pisteon to forty times, and even three humlred and 
twenty times their own weight, Uufay had in hi3 poascsaion a magnet of nine 
pounds in weight, wlijcli could hold seventy-sis pounds. As a general rule, 
Bmaller magneis can support comparatively more than larger ones. Such, for 
example, aa weigh fi-om twenty to thirty grains will sometimes support fifty 
times their weight, whilst magnets weighing two pounds scarcely ever sustain 
ten times their own weight. According to Dr. SInrtin, Sir Isaac Newton had 
a magnet which waa set in a finger-ring, and which, though only of three 
grains tn weight, could hold seven hundred and forty-eix grains. In the philo- 
sophical cabinet of the university at Dorpat there is a magnet weighing forty 
pounds, including the arm.iturc and a copper case, which is able to sustain 
eighty-seven poundf. A still larger one is found in Tyler's museum, which 
weighs three hundred and seven pounds, the armature inclusive, and holds 
more than two hundred and thirty pounds. Not leas cou^iderahlo was the 
magnet which John I, King of Portugal, received as a present from the Em- 
peror of China, which weighed a little over thirty-eight pounds, and waa able 
to support two hundi-ed aud two pounds. 

But to return to the direct continuation of our history, we should stAte that a 
tradition of a very ancient date atill exists in China respecting a mountain of 
magnetic ore rising in the midst of the sea, the intensity of attraction of which 
ia so great as to draw the nails and iron bolts with which the planks of a ehtp 
are fastened together from their places with such force as to cause the vessel to 
fall to pieces. This tradition is not confiiued to China, but is very general 
thi-oughout all Asia; and the Chinese historians assign to the mountain a spe- 
cific place which they call Tr/iang-fial, the southern aea, between Tonquin and 
Cachtn-China. Ptolemy, also, in a remarkable passage in his geography, 
places this mountain in the Chinese seaa. In a work attributed to St. Ambrose 
there is an account of one of the islands of the Persian Gulf, called Jlammolcs, 
in which the magnet is found, and the precautions necessary to be taken in 
building ships without iron to navigate in that vicinity ia distinctly specified. 
In two passages of the work of the Arabian geographer, C/urtf-EdrUi, aud in a 
remarkable one in the apocrj'phal Arabian translation of the "Treatise on 
Stones," attributed to Aristotle, the existence of this mountain ia again specifi- 
cally stated. A reference to it also oc.ars in Vincent dc Bcauvais. a French 
writer, who had been in the holy wars ; and, after his time, in the works of a 
gr?at number of European writers. 

A circumstance remarkable enough is, that the Chinese writers place this 
magnetic mountain in precisely the same geographical region in which it is 
stated to exist by the author of the voyages of S'nbad the Sailor. This has 
been justly looked upon as a confirmation of an opinion as to the oriental 
origin of a gi-cat number of the tales, half fiction, hdf fjct, which arc so univer- 
sally difFused among the legendary literatura of every country as to appear 
indigenous in each of them. Wo would not, however, go to the extent of saying 
that a/l our nursery fictions are derived from the cast, though it cannot be 
denied that a great number of them aro of oriental origin. 

It is not surprising that the magnet which exhibited such extraordinary 
physical effects should have attributed to it wonderful moral and medicinal 
powers. Accoi'dingly wo find the belief entertained that it could enable its 
possessor to gain tho confidence of princes, the affection of women, and to 
secure conjugal love, as well as cure tuo goat, the headache, aud the heartache. 
In a little book of secrets, extracted from Albcrtus Magnus and others, was one 
to ascertain whether your sweetheart did-really love yon, and «noth» ^ dis- 
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cover whether yoar bride had married yon from modTea of affection or other- 
vise. Both were to be effected by the mystical use of the magnet. 

It haa already been mcQtioned that oa the aaiface of a magnet there are two 
points at which the attractive power manifests itself with the greatest intensityi 
and that theae points are called polee. If a piece of eoft iron is- presented to 
one of these polea, the iron itself will become a magnet of inferior power, will 
exhibit two poles, and attract a second piece of iron; this second piece of iron 
will in torn Decome a magnet, and attract a third, and eo on. The power may 
thns be developed in a series of iron bars placed end to end, provided the original 
magnet has considerable power. If, instead of bars of iron, small porticleSi 
eadi OS filings of iron, be placed nnder the influence of the magnet, they will 
adhere together in masses, aad form a kind of beard around the poles, or, if they 
are sprinkled on a sheet of paper placed over the magnet, they will be attracted 
to tho poles and to each other, fonnioe curves of great regularity and beauty.* 

These experiments were known to the ancients, and Lucretius most have seen 
them performed by the priests, since ho describee them minutely in bis poem 
to which wo have previously alluded. In this he states that iron filings con- 
tained in a brass basin appeared to boil when a magnet was moved nnder them; 
that a row of iron rings would hang one below the other on a magnet, and thai 
these experiments were performed by the priesta in connexion with the 3amo- 
thracean myateriea. A similar experiment was exhibited at a festival held every 
ninth year in honor of Apollo at Thebes, in Boetia, which consisted in hangmg 
one iron ball on another. These experiments were undoubtedly made by means 
of a strong magnet inducing its power in piecee of soft, iron, the latter exhibitii^ 
the attraction aa long as ihey were in metallic contact with the former, hut im- 
mediately losing the power when the contact was severed. 

It is only when the iron has been rendered hard by hammering or twisting 
that it is able to retain a small amnunt of magnetism. But if, instead of soft 
iron, bars of tempered steel are placed in contact with the pole of a magnet, 
they will at first not be attracted as powerfully as those of iron; hut if they 
are allowed to remain in contact for aome time, or if rubbed with the m^net. 
they will fiiliy acquire the magnetic property, and retain it after they have 
been separated from the inducing magnet. 

If a bar of steel, which has Uiua been rendered permanently magnetic, and 
of which ita poles are at its ends, be placed on a piece of cork, and allowed to 
float horizontally on water, or if it be supported on a firm point at its centre of 
gravity, or, still more simply, by a fine thread, so as to nave &ee motion in 
every direction horizontally, it will not remtun at rest indifferently in uiy 
direction, but will turn itseff so aa to point with its polea to a definite regioaw 
the earth, theone to the north, and the other to the aonth. If two such movable 
magnetic bars are brought near each othfr, the poles of both which point to the 
north, and also those which point to the south, will repel each other, whilst the 
pole w*hich points to the north in the one will attract the pole which points to 
the south in the other, and vice verta. 

The directive property of a freely snepended magnetic liar towards certain 
pointB of the horizon, which ia generally called the polarity of the needle, was 
not known to weatem nationa as early as the attractive power of the magnet 

■ i> Terj inlereillng czperimeot, which may be oiled tho eihibitioD of magnetic spectrts, 
eooaitta in tradng on a poltebed plate of steel, each aa the blade of a \^a hanoBaw, an f mage 
in outline with a pendf, and afterwaidi passing slonlj and with some preesore along the 
Udm of thU image one of the taperedpolesofastrajgbt magnet of considerable potrer. If a 
sheet of white paper is afierwa^ pasted smoolbl]^ ovar thu steel surface, and against this, 
while it ia beld vertically, fine iron filings are projected from a box with a perforated cover, 
the image will start into existence on the blauk paper, as if by magic, in Unas of bristling 
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fbr iron. It is trae that King Solomon is uud to have been acqaaint«d with 
the use of the mariner'B compass, and the Ilebrew Parvaim, to which ho sent 
his vessels for treasnres, is said to have been no other country than Pern itself; 
bnt, since Solomon employed Phenkian seamen, the compass would necoBsarily 
have been known to the Phenicians, and from these the Greeks and the Romana 
wonid most certainly have learnt its application. 

The claims of the Chinese to the aiacovery of the directive power of the 
magnet, and its application to navigation, has long been a£Snned and denied ; 
bnt it has of lalo Wen defended by an author of mach learning and ability, 
namely, Elaproth, in a letter to Humboldt It is difficult to mention any nsefnl 
contrivance which is not in some degree known to this singular people, or any 
period in history when they did not know it. The great obstaicle which haa 
stood in the way of admitting the claims of the Chinese to many of these in- 
ventions is the high antiquity to which their records profess to ascend, and their 
consequent incompatibility with our own received chronology; but whoever has 
looked with any degree of attention upon the fragments of their scientific his- 
tory, and the incidental mention made of things which were familiar to the 
writers, but which did not form the principal object of the record, caonot taU to 
be struck with the apparent goneral consistency which rune through all their 
claims to high aniiauity, and to be forced to the conclusion that there is stitl 
wanting a key to that consistency which is not fumbhed by the sweeping 
charge of the forgery of their finals. 

It has been said that the fine arts of China appear more like being in a con- 
dition of gradual decay than in a state of freshness and energy, and that it may 
be possible that their arts, as well as those of Egypt, were transferred from some 
older people, who were in a condition of decline ; but this b mere conjectare, 
onsnpported by any evidence, either written or oral. In regard to the Chiuese, 
it would appear, from the little progress they have made since they becamo 
known to history, and their want of knowledge and appreciation of the scien- 
tific principles on which art is founded, that their condition is jmt sncU as 
would be produced in an ingenious people in a long time by the accidental dis- 
coveries of facts, and tboirempiricalapplication to the wants and conveniences of 
life. Af^r a certain time, such a people would make no further progreBs ; the 
fiuts which could be gathered trom casual observation would be exhausted, and 
the advance in civilization, as well as the Increase in papulation, would become 
exceedingly tardy. 

Dnhaldo, in his account of China, states that the iuhabitants of that country 
wge acquainted with the polarity of the needle in the earliest times ; that faun- 
d^Bs of years before onr era thoy used, in their land excursions, an instrument 
in which the movable arm of a human figure invariably pointed towards the 
south, as a means of assistance in finding their way throngh the gra«B-cover«d 
pUins of Tartaiy. Even as early as the third century of onr era, about seven 
nnndred years before the introduction of the mariner's compass into the Euro- 
pean seas, it is asserted that Chinese vessels sailed on the Indian ocean, directed 
by magnetic polarity pointing towards the south. Humboldt has shows that, 
according to the "Fiu-Tsaou," (a work on medicine and natural history, 
written fonr hundred years before the time of ColnmbnSt) the Chinese suspended 
the magnetic needle by a fibre of silk, and fdtnd that it did not point i£rectly 
towards the south, but deviated somewhat towards the southeast. 

The directing, pfcperty of the niagneric aecdle, and its use in navigation, 
became known in Europe at a conBiderably later period. It is mentioned, for 
the first time, by Are Frode, an Icelandic historinu, who was bom in 1068, ac- 
cording to the testimony of Snorro Sturleeoa, and who must have written his 
History of the Discovery of Iceland towards the end of the eleventh century. 
In this work he states, in the most unequivocal manner, that, in his time, the 
directing property of the magnetic stone was known. He ateo states that in 
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tke year 868 Foke Yileerdareon, the third discoverer of this iBlaad, a noted 
pirate, sailed from Rogalond, in Norway, in search of Iceland, or Gardaraliolm, 
as it waa then called, and took with him as pilots three ravena. Ti? consecrate 
these to their important purpose, he instituted a grand sacrificial cercmouy at 
Bmoersnnd, when his ship waa at anchor ready to sail ; for. saya Are Frode, the 
aeamon id the northern regions were as yet nnacqnainted with the nse of the lead- 
ing stone. By the term leading atone the writer designated the natural magnet, 
which, in English, is still called Ipadstone or leadstone. It may, howcrcr, be 
presumed, from this form of espression, that in Frode's time the compass pro- 
perly waa not yet known, but that the natural magnet was suspended by a 
thread. According to the testimony of Hansteen, mention is made of the leidar- 
stooe or solar-stone, in the Sturlaoga Saga. Gilbert, in his celebrated work 
"I>e Hagnete," relates that, accordjng to the report of Flaviua Blondus, the 
Amalfitanes (Amalfisi) in Naples, first, about the year 1300, constructed and 
applied the mariner's compass, and this according to the direction of John 
Gioja, one of their fellow- citizens. He presumes, however, that more probably 
the knowledge of this compass had been hronght A^m China to Italy, by Paul 
Venetus. about the year 1 260. Gioja, of Amalfi, was, nevertheless, at leftst the 
first who placed the magnetic needle on a point, and divided the compass, ac- 
cording to the points of the horizon, into eight divisions. 

That the mariner's compass, however, was known at an earlier period in the 
south of Europe, although in a rude form, is evident from a passage of a satirical 
poem, which was published by Gnyot de Provins in 1203, and of which the 
original manuscript is still preserved in the royal (imperial) library at Paris. 
It is mentioned in this poem that the seaman easily finaa the northern direction 
by the assistance of an ngly, black stone, called mariniere, and this even under 
a cloudy sky ; that for this purpose it was oiily neceesary to rub a needle with 
the stone, and then, attaching the former to a. straw, allow it to swim on 
water, when it would point to the north. Oardinal Vitri, who lived about the 
year 1200, also makes mention of the magnetic needle in his history of Jerusa- 
lem, and remarks, moreover, that it is of inestimable ralne to mariners. 

That the mariner's compass was known to northern nations is evident from 
the history of Norway, by Torlieiis, in which it is stated therein that Yarl 
Stnia was rewarded with a compasa for a poem written on the death of the 
Swedish count Byrgeres. The directive force of the magnet is also distinctly 
alladed to in a letter to Peter Peregrinus de Marcoort, which waa written 
towards the end of the thirteenth century. This letter was directed to " Sige- 
rina de Foucancourt, a soldier in the service of magaetism," and contains a de- 
scription of the magnet, of the means to find ita poles, and of its peculiar 
attractive property in regard to iron, and finally proves that the extremity of 
the magnet which turns towards the north is attracted by the one that turns 
towards the south. One of the oldeat treatisea on magnetism is contained in a 
Iddn manuscript of Peter Alaiger. which is found in the University library at 
Leyden, and was written in 12ii9. This manuacript, which seems to have been 
composed for the iostraction of a friend, ia divided into two parts, of which the 
first contains ten, and the second three, chapters. In the second chapter of the 
second part the mariner's compasa ia distinctly and perfectly described ; and 
what ia atill more interesting, the anthor does not only mention the variation 
of the magnetic n^dle from the true north polo, but also gives an account of 
the accnrate observations which he had made in r^ard to the amount of this 
deviation. " Observe well," aays ho, " that tl^ ends of the magnet, and those 
of the needle rubbed with it, do not accurately turn toward the poles, bnt that 
the end which points toward the south inclines somewhat to the west, and the 
one pointing to the north in an eijnal proportion to the east." The magnitude 
of this deviation amoonts, according to numerous observations, to fire degrees. 

.ecDv Google 
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Tbc variation of the mngnetic needle from the meridian, or its declination, as 
it is called, was known before the time of OolomboB, to whom its discovery has 
been generally ascribed. His eon, Ferdioaod, in the biography of his father, 
written in Italian, and published at Venice, in 1571. relatoB that Golambue, oo 
the 14tfa of September, (on the 13th according to Irving,^ 1493, when he was 
at tlic dJEtancB of 200 leognes from the isle of Ferro, first observed the deviation 
of the magnetic needle, " a phenomenon, which," as the recorder says, " had 
never been observed before." Colnmbns found that at the dnsk of evening the 
needle, inetcad of pointing towards the north star, deviated about half a point, 
viz., from five to six degrees towards the northwest, and on the following morn- 
ing Btill more. Astonished at this discovery, he observed the needle for three 
days, and fonnd that the deviation increased the forther he advanced to the 
west. At first be did not call the attention of the crew to this phenomenon, well 
knowing how easily they might be eicited to revolt. The sailors, however, 
Goou became aware of the fact, and, on account of it, fell into the greatest coa- 
eternation. It appear^ to them that the very laws of nature were changing as 
they advanced on their adventurous career, and that they were entering into a 
new yorld governed by entirely unknown influences. They saw the compaBs 
losing its truthful character, ana asked with alarm what wotud become of them 
without this guide on the trackless inhospitable oceani Golumbas had to tax 
all bis ingenuity to appease their terror. Ue stated to them that the needle 
does not direct itself strictly towards the polar star, but towards another invisi- 
ble point in the sky, and that the variation of the magnetic needle was not due 
to a change in the compass, but to the motion and the diurnal revolution of this 
celestial point around its pole. The confidence which the sailore had in the 
astronomical knowledge of Columbus gave weight to this explatiation, and their 
excitement was consequently calmed. Although, as wo hare seen before, the 
deviation was known two hundred years previous to the voyage of Colnmboe, 
it is, however, evident from the facts just related that he made another discoveiy 
of not less importance, namely, that of the difierence of the declination in differ- 
ent places of the earth. 

We find more accurate notions of the declination of the m^:nctic needle, but 
these are as late as the middle of the seventeenth century. In the year 1541 
the deviation of the needle from the meridian at Paris was found to be from 
seven to eight degrees to the east; in 1550 from dght to nine degrees; and, in 
1580. eleven degrees and a half to the eist. Norman, who first observed the 
deviations in London, found it to he 11^ degrees in 1696, and Gellibraad, at 
the pame place, in 1034, four degrees towards the east. 

We have seen by what precedes that the magnetic needle does not point in 
all parts of the earth precisely to the geometric pole of the globe, and also that 
the amonnt of the deviation is not the same in all places. But it is important 
further to remark that a magnetic bar, free to move in every direction, will not 
remain stationary if placed in a horizontal position ; on the contrary, in the 
northern hemisphere the north end of the bar will torn down towards the earth, 
and in the sonthem hemisphere the south end will assume a similar poeition. 
The bar will only remain horizontal in the region of the equator. The discovery 
of this important property, which is called the dip or inclinntion of the magnetic 
needle, has been generally ascribed to Robert Norman, (whose name han just 
been mentioned in connexion with the variation,) an £nglislii))Bn, an experienced 
sailor, and, as William Gilbert calls him, an artist of genius. It ia said the dis- 
covery was made by Norman 0i the year 15T6, but, according to authenljc 
documents, it was known as early as 1544 to George Hartmann, vicar of the 
church of St. SehalduB, in Nuremberg. Hartmann was in correspondence with 
Albert, Duke of Pmssia, one of those enlightened minds who recognized the 
importance of the sciences oven at their early dawn. Their correspondence, com- 
mencing in 1541, was principally on edentific aubjects, but the letter, which is 
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of the most interest to as at present, b dated March 4. 1544, and contains acca- 
rate descriptions of three magaetic discoveries which Kartmaiui had shown the 

r before, at Norembei^, to Ferdinand, King of Bohemia, a brother of Charles 
This letter is foand in the secret archives at Berlin, and was published 
hy Mosor. Hartmann states in this that he had discovered that the extreoiity 
of the needle, which is intended to point to the north, must be rubbed with the 
end of the stone which'points to the south, and that a needle so rubbed which 
bos prcvionsly been accuratelr balanced so na to rest horizontally, will, after 
the magnetization, incline or dip at one end below the horizon. I'urtbor, that 
a large bar of iron placed vertically becomes so strongly magnetic aa to repel 
with its lower end the northern point of a compass n^dle. This fact is best 
shown by usiug a large bar and a small needle. 

The fact that rusted iron bars, which have remained for a long time in a 
vertical position, exhibit always more or less magnetism, was first observed in 
1590 by Julius Ca;:sar, a surgeon, at Bimini, who observed that an iron rod, 
which had been placed for the support of the wall of the tower of the church of 
the Anguattnea, had become magnetic Gnsscndi observed the same, in 1G30, 
in an iron cross which had faeen thrown down by lightning from the church 
tower at Aix. He found that the rusted extremities of this crees had the qual- 
ities of the loadstone. When, abont the year 1722, the iron cross which bad 
adorued for several centuries the spire of the church tower at Delft was taken 
down for repair, the celebrated Loewenhoeck, on the suggestion of a stranger, 
as he says, obtained a piece of the iron from oue of the laborers, but no iufiu* 
ence was exhibited by it on the compass needle. Some time afterwards, however, 
the same laborer brought him a rusted piece trom the foot of the vertical bar, 
which exhibited more power of attraction than the two natoral magnets which 
Loewenhoeck poBsessed. 

Whilst magnetism made but slow progreas by incidental observations, it re- 
ceived suddenly a powerful impulse from the investigations of Dr. William 
Gilbert, of Colchester, England. Thts distinguished individual, who was phy- 
siciaa to Qaeen Elizabeth, published in 1600 his " Dissertation on the Physiology 
of the Magnet," a work which not only contained everything known of magnet- 
ism and electricity up to that period, arranged in a truly scientific manner, but 
also a numerous and ingenioua series of investigations on the subject by himsttf. 
He was the first who advanced the proposition that the earth itself acts, in all 
its parta, aa a great magnet, in opposition to the opinions of those who, either 
with Olaus Magnus, supposed that there existed great magnetic mountiuns of 
sach power that ships, in the construction of which iron had not been entirely 
onutted, would be attracted and held fast, or with those who placed the power 
of attraction in the sky, as, for instance, the astrologer, Lucas Gaudcus, who 
supposed that a great magnet existed under the tail of Ursa Major, a constella- 
tion in the northern hemisphere to which all compass needles pointed. Gilbert 
logically refuted these and similar fanciful hypotheses, and sultstituted his own 
rational theory in their stead — a theory which, in its general principles, has 
been retained to the present time.- He also attempted to explain, but with less 
success, the declination of the needle by ascribing magnetism merely to the 
solid ports of the earth, and not to the water, so that the needle would incline 
towards the continent, because a greater amount of magnetic power existed there. 

It coidd, moreover, not escape the sagacity of a man like Gilbert, that the 
magnetic terminology, aa he found it, was liable to great inconaiatencics. Even 
in our days we are still accumstomed to call the end of the needle which points 
to the north its north polo, and the one pointing to the south its south pole. 
This form of exprcaaion is, nevertheless, incorrect, for if we admit that the 
earth is a great magnet, and that in the vicinity of the geographical north pole 
a magnetic north pole is situated, this north pole coold only attract the south 
pole of another magnet, and consequently the end of the magnetic needle 
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which turns towards it should be called the aoath pole. Id like manner the 
end of the needle which points to the south should bo called its north pole. 
Gilbert objected to the ueo of this inconsistency, and introduced in ita stead the 
correct appellation. Uts did not succeed, however, in aboliehiag the old terms. 
although physicists agreed with him, and even eome of the more recent 
writers oa this subject Lave adopted his forms of exprenaion. This is the case 
with the French authors on magnetism, and some of the English physicisCa 
have endeavored to avoid the difficulty by naing the term north end for the 
extremity of the needle which points to the nordi, and the south end for that 
which is directed to the south. 

The fact waa still unknown, even to GUbert. that the devtaUoa of the mag- 
netic needle changes with time, and, upon the whole, there is but little trust- 
worthy testimony to show to whom the discovery of the secular variation 
of the magnetic needle is to be attributed. Although observations made at 
Paris and London exhibit in different years a difference in the variations, the 
idea could not be seized upon at once that the needle changed its position from 
one year to another ; on the contrary, it appears that the differencea observed 
werecoDsidered as errorsof the observations. Gellibrand, however, who observed 
the variation in lti34, in London, Ending it differout from that observed by 
Gunter in 1622, and that by Burrows in 1580, concluded that the deviation waa 
variable, and therefore the discovery is generally ascnbed to him. Although 
the French had observed as early as 1541, 1550, 1580, and 1603, in Paris, four 
different vorintions, and although Gunter, in London, had also found a devia. 
tion different from that of Burrows, the honor of the discovery cannot be 
ascribed to any of them, since the one who makes a discovety ia he who first 
clearly perceives the essential particulars of the phenomena and givee an intel- 
■ ligihle account of them; for this reaeon, and, indeed, with joatice, the dis- 
covery of Uranus is ascribed to Herschel, although Flamstead had observed 
it nearly a hundred yearn before, but had mistaken it for a fixed star. The 
fact of tho yearly variation of the magnetic needle was adopted and defended 
by Gassendi, in France, and was soon generally admitted, although it waa 
thought at the time that the motion was regular, or that the north end of 
the needle moved every year an eqnal amount towards the west. It was, 
however, soon discovered that ita progress was far from being regular, bat it 
was atill thought that the motion was so slow that the needle might be con- 
sidered stationary at least for a few days. But this also proved to be incor- 
rect when Father Guy I'ocbart, in 1682, observed the deviation in the city of 
Louvo, iu Siam, in preaence of the KJug; he found it on four, and again on 
three successive days to assume different di recti ona, either increasing or decreaa- 
iog. The celebrated mechanist, Graham, in London, repeated these obserra- 
Uous with better instmmcnta in 1722, and discovered that the needle changes 
its position not only from day to day, but even from hour to hour; that, indeed, 
it does the same continoAUy, and is, in fact, in a state of perpetual motion. 
Aasessar Swedenborg, in hia treatise on magnetism, expressed a doubt as to the 
correctness of these propositions, and asserted that they wei-c based upon errors 
of observation. This induced the celebrated professor Celsius, at Upsala, to 
repeat the observations of Graham. As early as in 1740 he communicated a 
few results to the public, which showed the correctneaa of Graham's discovery. 
Celsius was also the first who, 'in company with Hiartcr,observed the remark- 
able andviolentdisturbances of themagnetic needle which accompany theappear- 
aace of the aurora borealis, and it was he who also first eatablished the fact of 
the simnltaneouB motion of the needle at different places on the earth. He had 
induced Graham, in London, to make ohBervattous simultaneously with him, in 
order to ascertain whether the disturbances of the needle depends on local 
changes, or on those affecting large portions of tbo earth. After the death of 
Celsius, Olar Hiarter continued bis observations and published the records «f 
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Um whole. From the comparison of tbeae observatioiu with those of Graham 
it vas foDDd that in Europe the needle b farthest to the oast inthe mominglrom 
eight to nine o'cla<^, and farthest to the west in the afternoon from one to two 
o'clock, when it again proceeds eastwaidlj ontil eight or nine o'clock in the 
evening, when it either remains stationary for a few hours, or makes a smoU 
movement of a few minatea back towards the west. During the night it gener- 
allj mo^es somewhat towards the east, so that in the morning at eight oV.lock 
it is fonnd a little more to the eastward than in the evening. 

About the year 1756, John Canton, in London, made observations on the 
daily deviations, or of the variations, as they were called, from which the 
i«salt was dedai»d that the regular daily motion about the time of the som- 
mer solstice is nearly twice as great as at the winter solstice. In the first 
instance, it amounts to about i, in tbe latter to about } of a degree. Oan- 
toa endeavored to explain the dfuly western and tbe subaajuent eastern varia- 
tion of the needle by referring it to the influence of solar heat on the mag- 
netism of the earth. He supposes, since magnetism is weakened by heat, thatt 
if in the for«ioon the sun warms the eastern parts of the earth, the needls 
will be more attracted towards the western parts, and in a similar manner in 
the afternoon, when the sun has weakened the western side, the greater in- 
flnence of the eastern will draw the needle more towards that direction. 

Before proceeding farther in the exposition of this subject, we are obliged to 
take a step backwards and direct our attention to an individual who produced 
an epoch in the theory of the magnetism of the earth. We allude to Dr. 
Edmund Halley, of England, who in 1683 jpubliehed his theory of terrestrial 
magnetism, which, in some particulars, still forms the baeia of our present 
dieories. He advanced the hypothesis that there were four magnetic poles, 
two in tbe vicinity of each geometrical pole of the earth, so that in different 
parts of the earth the needle always directs itself in- such a manner that 
the influence of the ne^^st poles overcomes that of the more distant one. He 
further assumed that the pole which at that time was nearest to England was . 
situated on the meridian of Gupe Laudsend, at the distance of seven degrees 
&om the north geometrical pole, and that the other magnetic north pole was on 
the meridian of Calitbniia, at the distance of 15 degrees from tbe north geometrieol 
pole. He placed one of tbe two magnetic south poles 16 degrees from the geo- 
graphical south pole, and 95 degrees west from London, and the other, the 
strongest of the four, at the distance of 20 degrees from the south pole, and ISO 
degrees weet tram London. 

In order also to explain the sncceflsive variations of deviations, be advanced 
the remarkable bypotbesis that out earth is a hollow sphere within which is a 
solid globe ; that the two revolve around the same centre of gravity in nearly, 
though not in exactly the same time ; and furthermore, that the solid globe ia 
separated from tbe exterior hollow shell byaliquidmediom. He abo supposed 
that tbe internal globe, as well as the external shell, have each two magnetic 
poles, and that tbe changing deviation of the needle was produced by the wont 
of perfect simaltaneoasness in the rotation of the two spheres. According to 
this bypotbesifl tbe magnetic poks of the external shell, while they do not 
coincide with tbe geometric poles of tbe same shell, always retained the same 
position, and, therefore,>if the needle was only affected by them, tbe variation 
would ^ways remain the same at the same place ; bat the needle being also 
acted npon by the magnetic poles of the interiot globe, and as these slowly 
change their position relative to those of the exterior shell on account of the 
difference of velocity in the tevoIatioD of the two spheres, a change in ths 
direction of the neeiUe on all points of the earth's enrtace must be constantly 
going on. 

Also after a complete rotatioD of tbe exterior within the interior sphere the 
nriatioQ must again become the Bome. Thie hypothesis created at tbe time a 
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Wllke from obeervationB made by Gaptuos Oork and Foameaax. One focus 
of the ellipBiB was designated as the stronger, the other as the weaker region. 
HaoBteen was indaced to compare theao statements with the obserrationB, and 
the comparison being satisfactory, he was led to inrestignte more thoroogbly 
the theory of Halley, which, num then, he had looked npon as a wild specnla' 
tioD. The result of these invest igationa was that he became a convert to the 
theory of the existence of four movable magnetic poles. 

In 1811 the Boyal Danish Society of Sciences had offered the annual prize 
for the best answer to the question, "Whether it ia necessary, in order to ex- 
plain the magnetic phenomena of the earth, to admit the exiHtence of several 
magnetic axes, or whether one is snfficienti" At the beginning of the foUowiii|^ 
year Hansteea presented the greatest port of hia work, as fer as it was com- 
pleted, and the society crowned his labors with its principal prize. 

The most important part of Hansteen'a work is that m which he treats of 
the number, the position, and the motion of the magnetic poles. From all the 
observations collected by him on the variations of the magnetic needle, be con- 
clndea that there are four points on the earth through which the lioos of equal 
deviation pass, viz., a sponger and a weaker one in the vicinity of each 
g«>ometric polo. Both the stronger poles, as well as the two weaker ones, are 
situated opposite to each other, as if they were extreme points of the same axes. 
All four have a regular rotation, the two northbm ones from west to east, rtnd 
the southern ones from east to west. 

In order to elucidate the nature of the magnetism of the earth in each of its 
relations, Hausteen also undertook to make numerous observations, and even 



made a journey to Siberia, in order to cany on his investigations within the 
region of greatest intensity of the magnetic phenomenon. This journey, besides 
directly enriching our knowledge of the magnetism of the earth with valua- 
ble results, had other consequences of great importance; it called the uttentioa 
of the Russian government h> this subject, and thus prepared the way for the 
labors of Alexander von Kamboldt, at whose request the Emperor of Russia, 
with great liberality, ordered a number of magnetic obaervatories to be erected 
in his empire. Humboldt, immediately after hia return from his travels in 
America, (1799, 1804,) hxd erected, in a garden at Berlin, an observatory, ex- . 
cinsivcly devoted to magnetism, and iu which obaervations were made, often 
from fonr to six consecutive days, every half hour without interruption. The 
proposal of Humboldt, to erect similar observatories in other places of Germany, 
was not responded to partly on accoiint of the political distarbances which were 
then visiting that country, partly because its celebrated citizen was infhisted 
with a mission from his government to France, and was thus hindered, for the 
time, in the pursuit of his favorite object. Arago commenced in 1818, at Paris, 
an exceedingly valuable aeries of magnetic observations, and by comparing them 
with such as were made simultaneously at Kason, he confirmed the assertion of 
his friend Humboldt in regard to the importance and necessity of corresponding 
obaervations. 

Humboldt returned to Germany in 1827, and established in the autumn of 
1828 a continuous and regular series of observations. In consequence of bis 
solicitation, the Imperial Academy of St. Petersburg and the curator of the 
University at Kasan, erected an observatory at St. Petersburg and Kasnn, and 
under the protection of the chief of the mining corps. Count Canain, magnetic 
stations were eatabliahed from the south of Russia through the whole of northern 
Asia. The Russian Academy sent George Fuss to Pekin, where he erected 
a magnetic observatory in the garden of the Greek convent, in which Kowanko 
made a continued series of observations corresponding with those of all the 
other stations. Admiral Greig also erected a magnetic observatory at Nico- 
lajeff, in the Orjmea ; and, at the instance of Humboldt, a subterraneau mag- 
netic Station was eetabliahed under the supervision of Professor Reich, in the 
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miuea at Freibere, in Saxony, wbilat Arago, at his own. expense, bad a decli- 
nation compass placed in tbe interior of Mexico, at the heicfat of 6,000 leet above 
the level of the sea. On the sD^estion of Admiral Labord, the aecretary of 
the navy of France directed the eetablishment of a magDetic observatOTy in 
1836, at Beikiavik, in Iceland, and Unmboldt sent instnuoenta for an observi^ 
tory to Havana. 

Ill 1832 a new epoch commenced in the history of magnetic inveetigationa ; 
in that year Frederic Oan«s, the renowned antbor of the general theory of the 
magnetieni of the earth, as Hnmboidt calls him, erected in the observatory of 
Gottiugen a set of instnuneots. Gonstmcted upon an entirely new principle. la 
1834 this apparatus was trwisferred to a new observatory, expressly nrepaied 
for the purpose, and placed in charge of William Webw. After tnis, from 
Oottingen, as from a centre, was di£Fused over Gi«tinany, Sweden, and Italy, 
a spirit of magnetic observation with the improved methods and the instruments 
of Gauss. In 1836 four annual terms, each of twenty-fonr hours, were agreed 
npon by all the observers, during which a continned series of observations were 
to be simultaneously made, although the-bonrs of these terms did not exactly 
correspond with those which Ilumboldt had proposed, yet they were trntmimoasly 
adopted. 

England bad thus far taken no part in the general movement, although the 
celebrated English physicist. Sir David Brewster, made application to the 
government for the establbhment of magnetic stations at different points of tha 
British possessions, but it was here again, through the influence of Humboldt, 
that the desired result was obtained. He addressed a letter in April, 1836, to 
the Duke of Sussex, then jwesident of the Royal Society in London, strongly 
recommending the establishment of pernument magnetic stations in Canada, at 
St. Helena, the Cape of Q«od Hope, on the Isle of France, Ceylon, and New 
Holland. In consequence of thia letter, a committee of the Boyol Society was 
appot^fed in order to examine and report upon the subject. It was proposed > 
by this committee, in a letter to the government, not only to establish permaaent 
magnetic observations, bnt also to equip ships for an expedition to the Antarctie 
ocean for the pnrpoee of magnetic ooservations in that region. 
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RECENT RESEARCHES RELATIVE TO THE NEBUL Jl. 



BT PROFESSOR OAUTIBR 



Thbrb is no pftrt of the vast field of the astronomy of obeervation which ia 
not at present the object of pcrseveriog explorations. I propose od this occa- 
sion to give a cnrsoiy viev of those which relate to a widely extended and 
highly curious class of celestial objects, which was first mode a subject of 
special study by the distingniabeil aatrouomers Herechel and Messier, and 
since by Lord Rosa, by Fathers De Vico and Seccbi, and by MM. Lamont, 
Lassell.and Bond; a subject which preeeots peculiar difficulties, and respecting 
which there remains mnch to be cleared up. I allude to tho nebulie, those 
small whitish patches, of feeble light, which the teleecope reveals to us in great 
numbers in the heavens, and which powerful instruments enable us, for the 
most part, to rect^fnize as assemblages of stars, situated at enormous dfstances 
from the earth. 

In this rapid review I shall follow, in general, the order of dates, and I eball 
commence by saying a few words of a catalogue of the positions in the hearens 
of fifty-three nebuln, the result of observations made at the observatory of 
Paris by M. Langier, principally in 1648 and 1849, and by him presented to 
the Academy of Sciences of Paris at its sitting of December 12, 1853. This 
eatatogne, published in the Compte Rendu of that sitting, gives witb the precision 
of seconds of a degree the right ascensions and mean dedinatiouB of the centre 
or most brilliant point of those nebnis to January 1, 1850, as well as the 
differences between these positions and those resulting from the catalogues of 
Herschel and Messier. It is a first attempt at precise determinations of the 
position of a certain number of nebnlse, undertaken with a view of serving to 
decide, in the seqnel, thO'Dneetion whether these bodies are really situated 
beyynd the fixed stars which are visible to ns. 

KB3BARCHBS RBLATIVB TO THB NBBULA OP OBION. 

H. Linpouno^ director of the observatory of Eaean, in the beginning of 1856 

Eescnt«d to the Academy of Sciences of Fetersburgh, through the medium of 
. W. Struve, a memoir on the great nebula of Orion, being the result of 
observations made for four years with nn equatorial telescope of the power 
of that oi Dorpat and a meridian circle of Kepaold." He has applied bicnself 

* I know this metnoii onlj &nm a vcrj snodnot manUon of It at the end of the nomber of 
tbs MonlMf Notia* of the Astionomicat So<det7 of Londm for Mmch 14, 1856. vol. ni, 

L139. As I ihall freqaeutly bavs to dta tliu tMKupilation, aa yiAl u that published at 
looa by Dr. PeUm uuder tbe title of Aitroimimiicht iVdcArioUnt, 1 shall dceignnte them 
nspectivelj b7 theii initial letters, M. N. and A. N. 
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to a very exact determination, hy a procees of triangulation, of the poBitions 
of all the stars which his iastniments have enabled him to see in that nebula, 
and to a most careful delineatioa of all the parts of that remarkable celestial 
object, of which more than one chart had been already constructed, while 
assigning particular names to its several regions. M. Struve, id comparing the 
resultB of Liaponnoff with those of Sir John Herschel, Lamont, and Bond, bos 
expreeoed the opinion that this nebula must be sabject to changes of form aud 
relative brightness in its different parts. 

M. Otto Stmve has continued, at the observatory of Foulkova, the labors of 
M. LiHpOQQoff, and has reported tbe first reenlte of his i-csearches in a commu- 
nicatiou, of the date of May 1, 1857, presented to the Astronomical Society by 
M. Airy, June 12 of the same year, and published, in the seventceuth volume 
of the K. N., pp. 225-230. 

In this, M. Struve begins by describing the variableness of tlie lustre of 
different small stars aituat«d in the uebnia of Orion — a variableness which he 
has verified as well by a comparison of his observations with those of other 
astronomers as by different observations of his own.* "The existence of so 
many variable st^," ho continues, "in so limited a space of the central part 
of the most curious nebula of the beavens must naturally lead to the supposition 
that these phenomena are intimately connected with the mysterious nature of 
this body. * * Admitting that the rapid changes of light observed in these 
small stars, whether in the region called Huygtna or in that called StUmebulota, 
axe connected with the nature of the nebula, it might be presumed that changes 
would be equally observed in the appearance of the nebula and in the distribu- 
tion of the nebulous matter. But observations of this kind are subject to so 
many illusions, that we can scarce be sufficiently reserved in the conclusions 
drawn from them. I cannot thiuk that the course commonly pursued by 
astronomers in this epeciee of researches — the comparison, namely, with one 
another- of graphic representations made at different epochs by diffei-ent 
observers — ever conducts to resnlts which can be regaraed as indubitable. 
The optic power of the telescope, the transparency of the atmosphere, varying 
with different stations, the peculiarities of the observer's eye, the measure of 
skill and of experience in graphic representations of the kind — all this, joined 
with the influence of the imagination of the observer, forms obstacles which it 
will always be difficult to overcome in proceeding after this mamier. It might 
perhaps be possible, by following this method for centuries, to discover pro- 
gressive changes, if any exist ; but those can never be thus verified which take 
place in short intervals of time. Now, the rapid variations of light in the stars 
may well cause ns to expect similar, and perhaps periodical, variations in the 
appearances of tho nebulous matter. It is therefore to rapid changes of this 
sort that we should particularly direct our attention, and we shall be bett«r able 
to verify their existence by comparative obsert-ations on the degree of light and 
the forms of some prominent portions of the nebula than by representing it in 
its entireness. It waa in this way that I endeavored to proceed during last 
irinter, and the impression produced upon me was a strong one that, at different 
points, considerable changes occiured within the short period of my observa- 
tions. I do not venture, however, to regard ihem as positive facts until they 
shall have been corroborated, especially by observers stationed in more favorahfe 
climates and provided with optical instrumentalities sufficient for the purpose." t 

n to speai of this work of M. 0. Strave, in a Notice on the 

Brigblnms. pnbUahed in tlie Qumbers of Iba BiUiolht^ui: UnTerutU 

1 JidkiMS, vol. juvi, pp. 6-89) for Seplember and October, 1857. M. Otto Struve ham 
mcentlj succeeded Lis father in Cbe direction of ihe great KuMiao observatoi; of Poulkova. 

tTbe memoir of M. O. Sinivo on [hia subject bas been published, 1 believe, in vol. U of • 
giUtOion entitled, Mdangel Btathematiqmtt tl Aslronomi^ia. ( |-uinli' 
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M. O. Stroye proceeds to mention in detail four parts of the nebula of Orion 
in which he perceived moat dietinctlj, in an interval of some months, changes 
of form or of the degree of light. The first is a bay, extending from the »traiU 
of Le Gentil in the direction of the trapezium of stars situated towards the 
middle of the nebula. This ba^ appeared to him at one time altogether 
obscure, like the straits ; at another, full of nehulositv, and little inferior in 
brightness to the snrrounding portions of the region of ilujgens. Dr. Lamont 
first delineated this bay, which has never been seen by Bir John Ilurschel. 
The second is a nelmlout bridge, which crosses the great ttraitt, with a point 
of (x>nceutratcd light about midway. M. Sfruve saw it in winter, sometimes as 
represented by Hcrschel, sometimes as by LiapounolF, with much greater con- 
centration of light, hut always mnch more extended than in the representations 
of these astronomers, and closely approaching the eonthem limit of the great 
etrait- Very faint traces of it are indicated by U. Lamont, while Professor 
Bond did not see it at ail. The third ia a nebulosity surrounding star 15 of 
Herschel's catalogue, which appeared to M. Stmve to be Bubject to great 
changes of brightneas. Lastly, the foprth part is a sort of narrow canal, uniting 
in a right line the obscnre apnco situated around the stars 76, 80, and 84, of 
Herechel's catalogue, with the north side of the great itrait, near the exterior 
extremity of the bridge before mentioned. The canal, which has not been 
represented by any other observer, was distinctly seen by M. Struve March 24, 
1857, while on other occaaions he has not perceived the least trace of it. 

Thie aatronomer, in closing hia communication, adds, that the general im- 
preesion resulting from his obBcrvsti^ns ia to the effect that the central part of 
the nebnla of Orion is in a state of continual change of brightness Ra regards 
many of its portiona. In tboae caaea where the images were most distinct, 
their appearance did not aeem entirely uniform from night to night. These 
changes in the degree of light cannot, however, be perceived in the greater 
nnmber of cases without inatrnmenta of conaiderable optical power j and ho does 
not think that achromatic telescopes of less than ten inches openiog can serve 
t« verify them, except under atmoapheric conditions extraordinarily favorable. 

The twenty-second volume of the M. N. (pp. 203-207) contains the analysis 
of another memoir relating to the same nebula. It was commoDicated to the 
Astronomical Society, May 10, 1861, by Professor George Bond, who has suc- 
ceeded his father in the direction of the observatory of Harvard College, at 
Cambridge, near Boston. The paper bears for its title. On the tpiral structure 
of. the great nebula of Orion. 

Professor Bond the father, in a memoir published in 1S48, had already 
remarked that the light of this nebula seemea to preaent a radiated appearance 
on its southern side, starting from the neighborhood of the trapezium of stars 
situated towards its middle. Professor G. Bond has undertaken, since IS.')?, 
to form a catalogue of the stars comprised in a square of forty mmutes to the 
side, having 6 of Orion for its centre. He selected one hundred aud twenty-one 
bright store as guiding points to which to refer the smaller stars, of too feeble 
light, for the most part, to remain visible under a strong illumination of the 
micrometric threads. In a first sheet he has arranged two hundred aud aixty- 
two stars, and then subdivided the same surface into four charts, finally reunited 
into a single one. The form and arrangement of the elongated luminoua tufts, 
alternating with the more obscure spacee atretching from the neighborhood of 
the trapezium, have been determined by two independent procedures, the nebula 
being first delineated as a bright object on a daxK ground, aud then as a dark 
object on a white ground. 

I cannot enter here into the descriptive detuls given in the analysis of Prof. 
Bond's memoir, and I shall confine myself to a report of its conclusion. The 
general aspect of the greater part of the nebuliB of Orion ia on assemblage of 
tnfU or curvilinear pencils of luminous matter, emanating from bright masses 
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Dearths trapeKiom, extending towards the sonth. on each side of an axis paae- 
ing by the apex of the region called Hnygene, of which the angle of position 
is in the neighborhood of 180'^. Some twenty of these circumvolntioua hare 
been distinctly traced, whilst others, producing the same impression, are too 
faint or too complicated to be described with precision. We may class, then, 
according to Prof. Bond, the nebulte of Orion among the tpiral nebula, such as 
they were, for the first time, described by Lord Roes, with the aid of his great 
reflecting telescope. The ncbulte No. 51, of the catalogue of Messier, was the 
first in which he discovered this spiral conformation, which had escaped both 
the astronomers Herechel. 

Prof. Bond bos observed that, in a great number of eases, the masses of neb- 
ulons matter are associated with Btars, frequently under the form of small tote 
extending from their southern side. He cites two remarkable instancee where 
there is a deficit of luminous matter near stars of considerable brilliancy ; the 
first, in reference to the trapezium itself, whose obscure centre has been remarked 
by sundry observers; the other, to the star Iota of Orion. These peculiarities 
appear to Prof. Bond to be favorable to the supposition of a physical associa- 
tion of the stars with the nebulta. The existence of an arrangement in a spiral 
form of the parts which compose it accords with the idea of a stellar constitn- 
tion ; for among the objects which present this peculiarity of form are fonnd 
not only nobolffi resolvable into st^, but masses of stars propeily so called, 
such, for instance, as the grand mass of stars of the .constellation Hercolee, 
where the exterior stars have evidently a curvilinear arrangement. 

OTHER PACTS RELATINO TO THE NEBULS. 

M. Norman Pogson, whilst at the observatory of Dr. Lee, at Hartwell, in 
1660, witneeeed a change in the nebnln, or mass of stars, No. 80 of the cata- 
logue of Mtseier, situated in the constellation of the Scorpion, and very close 
tio a pair of variable stars B and S of the Scorpion, which have been observed 
by M. Cbacomac since 1853. The 9tb of Uay this nebuls had Its usual aspect, 
without any stellar appearance, and the 28th of tbe eame month Hr. Pogson 
saw therein a star of the 7th or 8th magnitude, which has been also observed 
since the 21st of Uay by MM. Lather and Anwers at Kdningsbei^, and which 
the latter have estimated to be of something more than the ?tb magnitude. 
The 10th of Jnne following, with a magnifying power of 66, the stellar ap- 
pearance bad nearly passed away, bat tbe nebnlm had a greater brilliancy than 
naual, with a clearly marked central condensation. M. Pogson does not think 
that this variation can be attributed to a change in the nebnlra itself, bnt he re- 
garde as singular that a new variable star, the third comprised in the same field 
of vision, should be found exactly eifuated between the earth and that nebula. 
This observation has been published in the twenty-first volume of the U. N^ 
p. 32. 

M. Ohaconmc has observed qoite recently, with M. Foncault's great reflect- 
ing telescope of plated glass, so adapted as to procure a great degree of enlarge^ 
ment, the annular nebnln of the Lyre, and he has ascertained that it is in reality 
resolvable into a mass of very small stars. cloBcly crowded together, the bright- 
est of them occnpying the extremitieB of the small diameter. This nebuls, in 
an examination of several nigbta, presented to him the appearance of a hollow 
cylinder, seen in a direction nearly parallel to its axis ; and its centre, as Lord 
Hose describes it, is veiled by a curtain of nehnlous matter, which converts it- 
self into a Bomcwhat thin stratum of little stars. M. Ghacomac adds, in a com- 
munication to Dr. Peters on this subject, dated Paris, 9th June, 1862, and pub- 
lished in No. 1368 of the A. N„ that when the view is screened from all inter- 
fering light, the scintillation of this moltitnde of Inminons points, occupying a 
large portion of the sor&ce of the retina^ piodaces a sort of giddloeBS which 
is nwbB cnrioua. 
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I pass BOW to tbo labors of U. d'Arrest, relative to the nebitlie. This 
aBtroDomeo: had begun to occttpv himself with this eubject while he was still 
attached to the oboervatotj of Leipaic, aod, siaee 1857, has pnbliahod ia the 
collection of the memoin of the Royal Society of 8axe the result of his first 
obaerrationB of 330 nebaln, made with a double annular micrometer, of Frauen- 
hofer'a conatraotion, affiled to a teleecope of 52 lines opening and 6 feet focal 
length. Prof. d'Arreat'-is at present director of the observatory of Copen- 
hagen, and he has coDlinaed, since the month of September, 1861, hie observa- 
tions of the ncbalce, with a large achromatic teleecope, of 1 1 iuchee opening aud 
16 feet focal length, the c^tic power of which he estimates to be intermediate 
between that of Bwschel's 30 feat reflecting teleecope, and that of the telescope 
of the same kind with which Lassell likewise has obeerred the nebnles from 
185S to 1B54. The telescope of Copenhagen haa eoabled M. d'Anest not 
only to recognize nil the nebuln of Heiechel, but to discover more than a han- 
dred new ones among 776 observed in eight months. He has been enabled also, 
nnder f a vorable'circn metapcee and with some difficulty, to see certain aebuln 
indicated by Lasselh 

M. d'Arrest, making hia observations alone, soon perceived that he could 
scarcely combine the observation of celestial objects of very feeble light with 
the microecopic reading of the circles of hie iustmment. It follows that his 
new catalt^e will not assign, with all the precieion attainable, the absolutfi 
position of each object on the celestial sphere. This position is only given to 
theminnte of a degree in right ascension and in declination ; but as Uie nebnln 
are very carefully compared with the neighboring small etare by the help of 
annular and thread micrometers, we shall thns have competent means for ascer- 
taining with precision, their proper movements in respect to those stars, which 
conetitatee one of the principal aims of the researches of M. d'Arrest. This 
astronomer has published, in No. 1366 of the A. N., an intcree ting notice, dated 
80th May, 186S, of his later lab<jrs; and from this I shall extract some de- 
tails, tending to complete those which precede. 

TABIABILITY OP THB BBiaDTNESS OP TUB NBBCL£. 

U. d'Arrest coosideie as well eatablished one of the results of the great 
labor of A^elander, in whioh has originated his new catalogue of stars, namely, 
that, of 50,000 stars already well recognized, there exists out a small number 
of which the brightness is periodically variable; and he believes the same 
may be affinoed, though with Jess certainty, to be very nearly the case with 
the nebnhe. 

Sir W. Uerechel had subdivided the nebuls into three classes, with reference 
to their relative de^pree of brightness. H. d'Arreet hae found a great many 
instances in which ihe nebuls, as at first classed by Hersohel, must now be as- 
signed br one or even two units a new place in uie claseification. Herschel 
himself nad, in the course of some years, changed several of hia appreciations. 
But in view of the great diversity of atmospheric influences in humid climates, 
bearing upon observations of this kind, M. d'Arrest thinks, like M. Otto Stmve, 
ibat it is imposBible to be too circumspect in regard to the conclusions to be de- 
duced from variabililiea of this nature. He instances, however, a small num- 
ber of cases in which some degree of variability has been positively ascer- 
tained. 

The first of these cases is that reenltiag from the obeervatione of U. 0. Struve 
on the nebula of Orion before spoken of. The observations of this nebula 
recently made, at different times and in favorable nights, by M. d'Arrest. with 
his large telescope, have confirmed those of U. Struve, particularly as regards 
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the bridge over the great ttratt, whicb, last winter, was Bometimea dietinetly 
visible at Copenhagen, presenting the appearance assigned it by M. LaSBell. 

The second case of well-established variability is the almoet total disappear- 
ance of a small and faint nebnlte discovered by U. Hind, October 11, 1852, id 
the coDstelliitioD Tanrus, recognized by other astronomers, and in the begin- 
ning of 1S56 still xeadily perceptible vritb a telescope of six feet focal lei^th. 
Two years Iat«r it waa no longer to be seen, except with great difficulty, in the 
heliometer of the observatoiy of Konigsbetg. It was invisible October 3, 1861, 
with the great telescope of Copenbagen. M.Chacomac, with the new telescope 
of M. Foncault, and M. LasHcll, at Malta, with his reflecting telescope of four 
feet diameter, sought for it in vain in 1863, thoygh it was still to bo seen with 
the great achromatic telescope of Ponlkova. 

A curious circumstance, connected with the great diminution of the bright- 
nesB of this nebula, is that this diminution has coincided with that of a small 
Bt^ which preseotcd itself almost in contact with the nebula. U. Argelander 
estimated the magnitude of this star, in 1B52, at 9.4. It was of not more thaa 
the tenth magnitude in 1858, of the eleventh in 1861, and of the thirteenth or 
fourteenth in 1662. 

Sir John Herschel believed that he bad recently detected another instnnce 
of the disappearance of a nebula from not having found inscribed in the first 
catalogue of M. d' Arrest a very faint oebula, noticed by Sir W. Herschel, near 
two others in the constellation of Berenice's liair. Bnt M. Ghacomac has ascer- 
tcuned, with the new telescope of M. Foncault, that this feeble nebula is still 
plainly visible, and M. d'Arreat has also observed it with his great telescope. 
The latter astronomer fnrtber cites a small number of eases where there may 
have been variability of brigbtnesa, or even disappearance of nebnlGB ; but these 
iOBtances are not as well established as that of the uebnla of M. Hind. 

DOtBLB NBBUL«. 

Sir John Herschel has remarked in bis important memoir on the nebnin, 
published in the PAilotophical Tramaetiotit for 1833, p. S02, that the number 
of nebulee physically connected with one another is probably more considerable, 
relatively to the total number of the nebalie, than is that of doable stars among 
the fixed stars.* Admitting a mutual distance of five minntea of a degree to 
be the greateet for the doable nebulie, M. d'Arrest even now enumerates about 
fifty comprehended within this limit, and is of opinion that there m^ be two 
or three hundred of them among the whole number of some 3,000 nebolsi dis- 
cernible in our heavens, t So considerable a proportion of double nebuls justi- 
fies the presumption that there is a real- connexion in these groups, and their 
aspect confirms this idea, particularly in the cose where unasQal fonns present 
themselves at once in two equal exemplifications. Sir W. Herschel seems not 
to have had an idea of this physical connexion between the nebulie, but Sir 
John distinctly speaks of it on more than one occasion. It can scarcely be 
doubted that at some fiiture period astronomers will be called on to calculate the 
orbits of the double nebulie. 

M. d'Arrest mentions some particular cases of this sort of nebnlee, of which 
one is triple. There is as yet but one recognized, where, on comparing the 
distances and respective positions of the two nebula of the same group observed 
in 1785, 1827, and 1862, considerable changes have been noticed, whicb seem 
to indicate a movement of revolution of the one aronnd the other. This double 

* A short analysii of this admirebls paper'af Sir J. Hencbet, accompanied with a plate, is 
given in tbo U«ae« of the Bii/ioHmpit VnUtnelU for June and Julv, 1834. 

t U. d'Anost has quite roomtl j pabliabed, in No. 1369 of the A. N., a catalogue, for tbs 
commeocemont of 1661, of the posiiious and aspect of &ftj double nebula wnlcli he has 
almd; recofiuEed, and of which a doien sro now onee. 
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and particniarly intcrcatiag nebul.^ is situated at 100° IS' of riglit ascenaioDi 
and 29'' 45' of north declination. M. Lassel lina rcprcdcnlcd it in Fig. 9 of 
Plate XI, itccompnaying liid mimiir, published in vol. xxiii of tho quarto 
collection o(^thu Astronomical Society of London. Tho two compoucntd of Uia 
nebnla ore very distinct, though their mutual distance is at present but 26 
icconds; but they arc difficult to bo seen when the threads of the micrometer 
are illnminated. A very small sLir is found bctiveen the two, exactly in the 
same place where M. La^sel ubserrcd it ten years ago. M. d'Airc.st will uikc 
occasion, when his labors on this subject are completed, to cite snuu other 
aualogous cases of change of rcl.ttivc position in double ui!bul;e. His pre- 
sumption, in the mean time, from what he has been able thus f.ir to discern, in, 
that there will not be found in any of these groups of nebula: as short perioda 
of revolntion as those which have been veriSed in the case of some of the 
double stars. 

Finally, M. d'Arrest reports a small number of cases where, by comparing a 
nebula with some small star near it, and repeating this comparison at the end 
of a certain time, he has been able to verify slight dificrcnci^s of dii^tance or of 

Cition, which might indicate a proper movemeut in one or the other of thosa 
ies. 
I here terminate this short review, in which I have been able to give but « 
rapid glance at the present state of observation in respect to one of the moU 
difficah and least advanced parts of eatronomical science.* 

Poat tcriptum. — M. d'Arrest has jnst announced, in No. 1378 of the A. N., 
that be has recognized in the constellation Taumn tho existence of a second 
nebula of variable brightness. 

'I ought bere to correct an error, pointed ont Comeb; Dr. Hiiacli, which I committedln 
mj notice on the observatory or Neofchatel, iocerted in tfae anmlwr of tlio ATdtitat for last 
July, Toluine xiv, p. SM. It ia not M. Hiiscb, bat ProfMsor Kopp, of Neurcbatel, who 
forms part of the meteorological commiMion institnted hj the Helvetic Society of Nalunl 
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BY SR. MIGUEL MBRtNO. 



A*»anedtl Real ObttTvatoriodt Madrid; eutrtoiAo; 1S63. 



In an article inserted in onr Annnal for 18C2. under the same title with the 
prceent, we proposed, as our nearly exctuaive object, to present, in an elementary 
manner, tlie result of the iuveatigalions heretofore raaue to determine the form 
and volume of the earth, apart from historical notices, nnmcrical detail.'?, oud, ' 
in a word, whatever might embarrass- the course of the reasoning, or distract 
the attention of our readers. Thus conceived and compiled, that first article 
was for the mo^t part dry, as regards results, and incomplete under various as- 
pects. l>iy, iimnmuch ae the mind takes less pleasure in the final solution of 
a problem ihau iii the survey of themeans and computations employed to over- 
come, one after another, the difficulties which beset it; and incomplete, because 
without numbers there is in the physical sciences no precise eoluiion, such a3 
shall leave the mind tranquil and satisfied. To supply oar intentional omission 
it) the design of the present pages, in which, assuming the substance of our for- 
mer article to be known, we shall consider, successively, and under the new 
point of view just indicated, the three following points ; 

First, In what manner the human understanding, acted upon by the immediate 
testimony of the Benscs, ncqnired. after a long uncertainty, a clear idea of the 
roundness and rotation of the earth. . 

Second. By what means that iirst idea, founded on a somewhat superficial ex- 
amination, became confirmed, and, at the same time, modified in some of the de- 
tails by the actual and direct mcaeuremcnt of our globe. 

Third. The present state of the question, briefly summed up in certain nu- 
merical tables. 



In considering the progress of astronomy we must distinguish two epochs of 
quite different character — one very remote, and only known to us by vague and 
confused tradition, which haa often undergone a strained interpretation; the 
otlier nciy«' to our own times, whoso history has been consigned to unequivocal 
and imperishable roonnments. In the opinion of certain authors possessed of 
erudition and talent, and doubtless sincere in their belief, but led astray po^siblj 
by the escpss of their imagination, tho ancient people of central Asia, tho 
Chinese, Indians, Assyrians, and Chaldeans, as well as the Egyptians, enjoyed 
a civilization superior to the modem, cultivated the sciences, and possessed, 
particularly, a knowledge of celestial phenomena, to which our present astrono- 
mers canuotyet pretend. In the possible case that this w«rc so, although the 
mind inaliuctively revolts from believing it; that astronomy flourished at a period 
of which history preserves do distinct traces, and that all which we know to- 
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day respecting ibe form of the earth and Its relations with the otiier bodies of oar 
Evatera waa known maaj ages before that in which we live ; granting, moreover, 
that in view of the constant and great vicissitudes to which the world is sub- 
ject, where the evente of to-day bo readily and radically efface the moat mo- 
meDtouB racmnries of yesterday, we are left without any positive grounds for 
roundly denying the above assertions, yet what imports it to us whether the 
primitive people of Asia were more enlightened tlian those of modern Europo, 
if there remain only incomplete traces of their knowledge — if their science has 
dieappcared or been transmitted only when the modem had secured new foun- 
dations, assuredly not less solid than the ancient ? If we concede at once that 
those people had ascertained the roundness of the earth, whether from tbo ez- 

Seriencc acquired in their emigrations and their warlike and commercial expo- 
itions, or else from a species of intuition ; that from the demonstrated fact tliey 
ascended to the producing cause, and that, not content with a knowledge of tha 
form, they Lad sought and succeeded in determining the dimensions of the globe, 
what advantage have the moderns derived from all this? In what respect hav9 
these problematical antecedents served to enlighten us with reference to the 
questions with which we are engaged? This is lo us the point of interest, and 
it is this which wc should first at all endeavor to make plain. 

In his heroic poems Homer brings together all tlic cosmographic and gco- 
gmpliic ideas of his age and of the people to whom he belonged — a. people fitted, 
beyond all then known, for the cultivation of the sciences, distinguished by 
their lively and penetrating imagination, and inhabiting a country in all respects 
the most favorably situated for observation. And yet Ilomer, minute and exact 
as he is in the description of the scene on which his heroes moved, supposes the 
earth to bo a plane, and bounded in all directions by the watera of the ocean [ 

fiUcea in the middle of it Givecc, and particularly the Thessalian Olympus; cstab- 
ishes, on the mysterious limits of the horizon, pillows which serve as a support 
for the skies ; pictures Tartarus, the abode of the enemies of the gods, at a great 
depth beneath the siufiico; and beyond the dim confines of earth imagines c/iaoi, 
or immensity, a conf'uBcd mixture of life and vacuity, an abyss wiiere exist, 
witbont order, all the elemeuts of Tartams, earth, and heaven. Here we have 
the point of departure for our existing knowledge respecting the form of the 
earth and ihc constitution of the celestial vault; and is there here anything 
which reveals the profound research, \vhether certaiu or problematical, of tho 
pristine races I Ifave we here, indeed, anything more tlian the primitive ideas, 
which- the spectacle of nature wakens in the breast of every one moderately en- 
dowed wiih an inquiring spirit, dressed in the colors of a glowing imagination, 
bnt betraying the incapacity to discover the truth through the mists which et^ 
velonc itf 

The voyages of the Fbenicians, though conducted with less timidity than 
those of the cotempnrary Greeks, yet with a prudence and caution indicative 
of no transmitted knowledge, open the door to wider investigation, to juster 
ideas of the figuro of tho earib, attd lead, br a more certain, at least more ex- 
peditious path, to the discovery of the truth. Till this epoch history presents 
to us each peoplo shut up within the narrow limits which nature had marked 
for it, here separated from the rest by mountain chains, there by tempestuoua 
eeaa. The dwellers of Tyre and Sidon are the first to venture bnbirually on 
distant voyages in search of new lands, of foreign productions, of the objects of 
luxury and affluence, which were wanting ut home. They visit, one by one, 
all the inlands of the Mediterranean, coast along the north of Africa, founding 
colonies wherever suitable ; and, without recoiling before the difadcd straits of 
Gades, tannch into the ocean and establie'h tho principal seats of ihoir com- 
merce on the smiling shores of Detica. And while advancing on the west to 
points never bcloro reached, this commercial people unite the fleets of their 
Ming Hiram with those of Solomon to explore the coasts of the U^^i^^f |t^ 
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E^tbrean or iDdian eeaa ; while Btill Inter, aa eome historianfl maintain, tbeir 
boldnca.s .reaches such a point ihat they navigate the chores of Africa by the 
GOBt, douhln the Cape of Good Hope, afterwards long forgotten, and regain their 
country at the end of three years hy the before -mentioned straits of Gadea, or 
Gibraltar.* 

The Cartha^nianB, poeeesfiing the same enterprising and mercantile genius 
with their ancestors of Phenicia, and benefiting by the experience of the latter, 
projected still more important, if not more daricg. expeditions. Hanno, with a 
nnmerous fleet, traces tbe weBtcm coast of Africa and attains the mouth of the 
river Senegal, while Uimilco, sailing in the opposite direction, stops not short 
of England, where be loads his vessels with tbe coveted metal stored in that 
region. 

Similar expeditions, made with ever-increaeing frequency and boldness, snch 
as tbe voyage of Colceiis of Samoa, which extended to tbe entrance of the At- 
lantic, and so strongly excited the curiosity of the Greek-*, and the much later 
one of Pytbeasf of Marseilles, who advanced as far as the Feroe islands, and 
even entered the Baltic, although they might be undertaken solely with the 
views of adventure or cupidity, conid not but be conducive to tbe progress of 
astronomy and its kindred sciences, as well in regard to the preliminaries they 
required, as the observations and notices collected in these protracted wandcr- 
faigB. However closely attracted to the laud by necessiiy or interest, can we 
suppose that these early navigators did not often lift their eyes to contemplate 
the celestial vault, induced as well by tbe requirements of safety as by the 
curiosity inherent in man of seeing and learning something new ? In this - 
way tbe old impressions that the earth was plane and undefined, that the stars, 
quenched in the sea, were again kindled at their rising, and others of tbe same 
kind, would necessarily give way, not alone in the eonecptioas of the thoughtful, 
but in the opinion of tbe vnlgar, and be replaced by ideas more creditable to 
buman sagacity, and conformable to tbe truth and simplleily of nature. To thia 
result would conduce, indirectly but still effectually, the travels undertaken by 
land, whether towards the north in search of amber, furs and materials of con- 
Btruction, towards the east for ivory and spices, or towards the west for metala. 
The wars among nations would also promote this result, as necessarily tending 
to a mixture of races, and a comparison of conflicting ideas. Among influences 
of this kind we may cspecialty distinguish the expedition of Alexander, at 
once enlarging beyond example tbe limits of the known world, and bringing 
into propitious coincidence a vast material and a most favorable conjuncture of 
circumstances for new and fruitful meditation; the conquests of the Romans, 
extend into one almost all the nations of the known world, aud attracting 
to the common centre whatever that world contained which could minister te 
an unbounded love of ostentation and luxury; tbe Gothic irruption, covering 
the world with ruins from which the germs of knowledge might spring with a 
new and more vigorous life; and the suhsequeot appearance of the Baracens, 



'This vajof^ ofcircumnaTiestion, of which Heroiloiaa apeaka as having bc^n nnilertaken 
about Iho bcgiuninp; of ibe sixth centur; before our era, nnd at the instance and direction of 
NeroB, King of Egypt, has alwayn met with wartn assertory and oppugntirs. To ifa the ar- 
rumonta of tlio lallcr seem lo have the most weight, thoagh amongat the former appears th« 
bamed and judicious Cesar Cnntu. In so disputable a matter, doubtlesn, (bo rcsdrr need 
not reaigu himself blindly to the opinion of any one: hut, for our present pnrpose, it is suf- 
llcipDt to know, that if such a voyage was rea'ly performed, it Jed to no reaulls worthy, from 
tbeir ciirioEiity or importance, to be iransmitied to modem limes. As regards other nncieni 
voyages around Africa, there are still stronger reasons for discrediting thorn than that st- 
tribnied lo tbe PheniciaDs. 

tTho reality of tbe voyage of Pyth<>as, lo tbe west and oorth of Enropo, is generally ad- 
mitted, bat the descriptions given by him of tbe lands and leaa he visited are regarded n 
rated, as they are uorl^nly hi many points obscure, even when we MHiceds tbolr 
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endowed irith a Hpecial cultnreand beira oftlie ancient cirilization of the East, 
upon the theatre where modern civilizniion was undergoing ita definilc develop- 
ment. Thin series of momentoua eveots, we repeat, in proportion as it conveyed 
to each people the fraditiona and impreBsions of ibc rest, as it brought into 
contact, beueaih another climate and eky, under natural conditions eeeentially 
different from those in which they had l>efore hved, the natives of iTgions most 
widely remolo from one another, could not but prompt human reason tu discard 
the trivial ideas which it Lad cherished and insensibly adopt others more in 
harmony with the truth of nature. And this, he it observed, without the inter- 
vention of ancient science, lost or at least forgotten amidst the convulsions 
which had swept nway its cultivators, and solely by an immediate cfTect of the 
events which, at the epoch of regeneration referred to, couittontly modified the 
etate of societies. * 

The incursions of the northern hordes having at last cea.^ed, the present 
nationalities began to take shape ; and if the systematic cultivation of the sci- 
ences was not yet to he expected, at least a. delight in their study began to 
dawn. Nor did eventual circumstances, and such as might have appeared ex- 
traneous, cease to stimulate the taste for voyages and discoveries. As the 
occupation of the south and west of Europe by ibeir warlike predecesBorB 
oppoeed an insuperable barrier to the progress, in that direction, of the Scandi- 
navians or Normans who brought up iho rear of the Asiatic migration, these 
established tbemBelves permanently on the shores of the Baltic, and from thence, 
impelled by their roving and hai-dy genius, explored the noi-thcru islands and 
continents, tho archipelagoes of Shctlaud and Feroe, Icel.and, end. in the toath 
and two succeeding centuries, the inhospitable coasts of Greenland, and those, 
somewhat more fertile, of Vineland, the present Labrador. * Meanwhile there 
arises in A^ia a formidable empire, whose limits expand with astonishing rapidity 
from the seas of India to the frontiers of Europe, giving rise to the dread of a 
new invasion of destructive races j yet its service as a counterpoise to the Sara- 
cenic power, not less foi*midabIc on another side, is appreciated, and pontiffs 
and kings send embassies, sometimes to propitiate the redoubtable snecessorg 
of Genghis-Khan, sometimes to solicit help from Tartar and Mogul princes, at 
times simply in sign of admiration aijd respect. At their return from these 
distant scenes, observers like Afcelin, Carpini, Kubruquis, Polo, SotomayAr, 
and Clavijo, whether seut as ambassadors or led thither by inelictation, com- 
municate their impressions and adventures without reserve, and awaken in all 

* The folloiving is a reca|>ilalatioa of ibe later discoveries lofciicd to in the text. Tboj 
mar bo found more partlcularl; desciJlMid in the cighteentb book of Malte Dnin's Gcographj; 
nna in the notes to the fourtcenib book of Cesar Cantu'a UniverBal Uisiory. 

About tho middie of the niotb century Iceland vaa discovered, and bclbro Ibe end of the 
ccniar/ a numerous colony of noctbnieQ vtaa cstablii^liGd in tbat island. In i)&j, among 
otbcr culooisls, ono called Eric Iho Rod, having bccu bunlsbed fiom Iceland, takes refuge in 
Greenhmd. Ilium, son of Eriulph, ono of tbo companions of Eric, desirous of Joioing b'la 
father, freighted a ship and directed his conrso towards Greenland, bnt wandering for KoDiotim* 
Id tbose acas. got a aighc of new coasts oibcr than that which lie was Bceking. In the sama 
ship wilb Bliiru, Loif Ericson, son of Eric the Red, set sail from Greentand iu tho Ji'itr lUOO, 
sjii] visited in ttucccasion a sterile, rocky and sanw-cDvered coast, (Ilcllulaud :) anolhor 
level, hour with frost and well ivoodod, (Uarkland;) and a third, wbivh abounded in vines, 
(Vinelund.) Tharwald and Tborslein. brothers ofLeif, prwocnted, wilb no saecoixful result, 
tbo exploration of these lands, oa did others of the same race. And though commerce and 
cooimunicatiou between Iceland, Gret-oland and the ports last mentionei^ continued for a 
cousiderubto lenglh uf time, they underwent uuiny allemaliuas, and proved of no I'cul im- 
poilance to geogriipbj. Judj:ing from (lie dcscriplioua given, as well of tho lands an of the 
cvIcGtial pbetiomena which were observed, Marktond ncems tu correspond to Novu Scotia, 
BD<I VinoJaod to Ibe rcgioa about Capo Cod, as far south as latitado IF. If the dociuneuts 
published by (bo Socifty of Norihern Antiquaries may be relied ou— and it is not our province 
to controvert thpoi— Columbus mode no true discovery ; but bow tho Icolandli; aiivcnlnrers 
c»mc to slop midway, and allowed the Intrppid Genoese to Bnatch from theoi the dom^n 
of a world, IS a phenomenon ditficnit to explain, and, in our opinion, more discreditable tboa 
otherwise to those in whose honor it is citea. 
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minds more competent ccnccptions of the form and eize of the earth, and of the 
diversity of cliraates, than could otherwise have been altained. Thus, hy means 
the most indirect, the limits of the world weri: extended, many obecure spaces 
of the earth brought to light, and the miuds of mcu prepared for greuter and 
more decisive discoveries. 

We have now arrived at the first Iialf of the fifteenth century. Portugal ia 
a prosperous kingdom, without near enemies 'to combat, and posseffcd of a 
ritality which refuses to confitic itself within the territorial frontier; it claims 
a wider field, and enterprises more worthy of the national spirit. With this 
spirit the geographical position of Portugal at one of the extremities of the an- 
cient world, in front of that world which now awaits discovery, concurs to m:ikc 
it the point of departure for the great maritime expeditions of the age. Its 
princes, too, second opportunely the impulse, as well by their patronage of 
science and its ciiUivators as by a steady faith and interest in all cuterpriscs 
calculated to enhance the name and importance of their country. Under the 
protection of Prince Henry, the Portuguese navigators explore and take pos- 
session of the archipelagoes of Azores, Madeira, and Cape Verde, and double 
Capo Bojador, so long the terminus of the African coast, thus penetrating into 
the vast Gulf of Guinea. Still later, in 1486, Bartholomew Diuz reaches the 
BoDthemmost extremity of Africa, to which he gives the name of the Cape of 
Storms, a name soon changed by King John II into the more propitious one 
of Good Hope; and. finally, Vasco do Gama, passing, in 1497, beyond this for- 
midable [iromontory, and turning his prow in an opposite direction to that of 
the supposed Plienician navigators of a remote age, points out to his odventn- 
roDs cotemporarics the raarit me route to India and China, immense regiooa 
till then only known through vague and inexael tradition. 

It seemed impossible that tlic ardor of the Portuguese for distant and 'haz- 
ardous exploration could bo surpassed by any other country, and that sliJl more 
important successes were in reserve for a different people. And yet this seeming 
impossibility was realized in a manner the most simple and natural, and with 
means the most limited imaginable. The genius and perseverance of an obscure 
md ill -understood mariner having met, though after long struggles, with sup- 
port and countenance in the faith and enthusiasm of a queen, Columbus was 
enabled to launch bis three frail caravels, manned by a handful of Spaniards, 
upon the broad Atlantic; there, leaving the Portuguese to contend with the 
dangers of the African coasts, and disregarding the circuitous and unprofitable 
track pursued by the Scandinavian adventurers, he directed the course of his 
. TCBsela'first south, and then constantly west, until he reached the arehipelago 
of the Antilles, the gate of a new world resplendent with beauty, which seemed 
at that moment to ascend fiom the bosom of the seas. 

Among the multitude of daring navigators who followed Columbus in the 
work of wtfitem exploration we may distinguish Magallanep, a, I'ortugueae in 
the service of Spain, for the importance of the results attending his enterprise. 
After the discoveries of Columbus and Do Gama. it still renuiued to be ascer- 
tained what separated, and at how wide an interval, the two continents to which 
they bad led llic way. There existed, as Palboa had descried, in 1513, from 
the Isthmus of Darien, a vast sea, but of its extent no conception hud been 
formed, and yet Magallanes, not more enlightened on this point thau previous 
explorers, proposed to traverse it. He sailed fi-om Spain in September, 1519, 
passed the next year through the difficult straits which bc:ir his name, and per- 
ished in the I'hiltppinc islands, after having overcome the chief difficulty of his 
undertaking. His second in command, Elcano, a Biscayan by birth, and not 
loss resolute than the chief he had lost, still continued his course westwardly, 
and finally regained his country in a direction opjHisitc to that by which he had 
departed. The sphericity of the earth, already recognized by refiecting minds, 
and gradually revealed by the discovorics whidi have been here briefly re- 



FiaUEE OF THE BAHTH. 311 

traced, was now for the firflt time practically Bbown ; to tho rude mariner, as to 
the astronomer, the limitation of our globe in all directiou^i, and its isiolation in 
space, were from this date evident ; and to the atdtritct but little diffused 
QK^thode of geometry was now added a new means for formmg an idea of the 
dimeneiona of the eiirth. Elcano, in efleet, though encountered by many unex- 
pected ub^tuclc^ bad performed, in little more than three years and throo 
months, a complete t'oyiigc of circumuarigation. 

From the memorable epoch referred to, geographical discoverii's have euc- 
ceeded one auotber with greater rapidity than ever, tbc earth has been cxjdored 
in all directions, the width of the seas calculated, and the emface of the conii- 
neots ineasui-od ; but all these labors, however vast their importance, have been 
those of detail, and have added no new idea to tho results of the bold uavigu- 
tioD performed in the fifteenth and beginning of the sixteenth centuries, as re- 
spects the general form and approximate dimensions of the planet we inhabit. 
To these laet dates must be referred, if not the first clear conception, the definitive 
verification of the nearly spherical figure of the earth. 

Looking back, however, it must be conceded that neither the voyages of 
Columbus nor Slagallancs were absolutely necessary for the demonstration of 
the spherical figure of the earth, since this fact migbt have been deduced with 
sufficient clearness from geographical principles alre^idy verified; from the de- 
lusion iudulgyd by every nation that its owu territory was central, as regarded 
the rest of the earth ; from the general and changeable a4pect of the heavens 
upon every change of country ; from the appareut sphericity of the sun, and 
especially that of the moon, still moro conspicuous through the succession of ita 
phases, and from the circular outline of the earth's shadow during the eclipsea 
of the lunar planet. But all these indications of the limitation and rounducss 
of the earth, however conclusive for reflecting and studions minds, would have 
carried no conviction to the generality of mankind, without the incontestable 
support of those other proofs which might be called material or tangible. With 
what obstacles did Columbus meet before finding himself intrusted with three 
frail vess<^l8 — how much incredulity in all countries, even to the extent of being 
charged with madness — and for what I Colnmbus said: "The Portugueso 
seek the gold and spicea of India by steering towards tho east; and I, who 
cherish the persuasion that the earth is round, propose to trace a more expe- 
ditious route hy reaching the same point iu an opposite directiou." Had there 
been mauy who at that time held the doctrine of the earth's sphericity, no one 
would have treated ao logical and obvious a thought as extravagant ) nor would 
Columbus have been indebted to the noble instinct of a woman for the success- 
ful issue of his cntcrpiiso if moderu society had inherited from the ancient that 
vast store of science attributetl to the latter, instead of having to rear from tho 
very foundation the edifice of its own knowledge. 

What has been just said in regard to the form of our globe may, with even 
more propriety, be asserted of its movement of rotation. We shall admit, 
without discu.Hsion, that among tlie Indians, tbc Chinese, the Chaldeans, there 
might possibly be a few who recognized and maintained the reality of tbia 
movement ; that tbc same might be true of ancient- Egypt, and tliat certain 
Greek philosophers, especially of the school of Pythagoras, also taught at a 
later period the same truth. To explain the alternation of day and night two 
hypotheses were feasible, and there was nothing to forbid men <^f special talent 
adopting the more rational one; but was the merit of Copernicus, therefore, lesi 
in having reproduced tho right idea about the middle of the sixteenth century i 
How many years must still elapse, how many angry and deplorable discusisions 
ensue before the ideas of Copernicus became firmly established even among 
men of science and systematic cultivation. On the other hand, did the Greek 

Shilosophere, who admitted the rotation of the earth, build their doctrine on tho 
ifficulty of reconciling in any other manner the phenomena of tti^JiR^eJi^, or 
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wu it maintaiaed rather in the spirit of the school, by which eome spirit they 
might bave bcca induced to support, the direct contrary 1* It is certain that 
Hipparchus, Ptolemy, Euclid, and Archimedee, emiDcnt minds and founders 
of true astronomy, of geometry, and of mechanics, more versed certainly ia 
observation and calculation than in the subtleties of metaphysics, denied the 
movement of the earth, and for many agee strengthened iha opposite belief 
with their imposing authority. Ucnce this belief was the prevailing one when 
Oopemicus appeared in the world to overthrow it, at the epoch of great geo- 
graphical dtscoverius, ae if the Creator had designed that after the form and 
distinct features of onr planet were nnveiled, its relations of analogy with the 
rest of the universe should also be disclosed. 

Copernicus was not only a consummate mclhematician, a skilful observer, 
■ capable of deducing great results with rude and inefficient instruments, but he 
was likewise, as we are assured hy his biographer, Ozynski, a man of profound 
piety, full of faith in tbc wisdom of the Creator, and penetrated with the sim- 
plicity of Ilia works. With these elements of character the aatrooomer of 
Tfaom studied the movements of the celestial bodies, perceived their inextrica 
ble complication upon the principles then received, the infinity of occult agen- 
cies and of forces distinct in direction and intensity, which must concur in tho 
operation to carry all the heavenly bodies aronnd the earth without vorying 
their relative distances, or altering in the minutest particular the harmony of 
the creation, and instead of confining himself to saying, with the sage King of 
Castile, "it is strange that this should be so," resolutely pronounces, "this 
cannot be so." 

' To show that wc exagcorate aothing in thus ciproraine onrsolves, we shall here retrace, 
with all potteiblo brevity, tbo different opioioDs of the (jrecK philosophers on the ibrm of tbo 
earth and its eiliiation iu epaco, making u»o for that purpose of the work by G. Lewis, ontt- 

Thalcs 
toabark Bouting in a llmitlosH »• 

According to AuoiimaDdor, likewise ofMiletus, and discipleofTlialea, the earth was cylin- 
diical, and occupied tho cenlco of tho created unirurse. 

Anaxi[nenG!>, a disciple gf (ho former, assigned to tho sun the form of a thin disk, and to 
tbo earth that of a trapezium anstalnod in the air, and (bo t^amo opinion waa eotertained by 
Aaaxogoras of ClozonieDe, likowitio a philoBD|iLer of (bo Ionic school. 

Xenophanes ofColophou, fuundor of tho JCIeutic school, supposed (lie oar[h (« bo illimila* 
ble and supported in the abjw on immovable fuundatiuDs. I'nrmeiiidoa and Empedocleo, 
disseotiii? trom this opinion of Xcuophnuus, pronounced, perhaps buforo atiy one, (ho doctrine 
of tho sphericitv of (he car(h anil of its isolation in space. 

Tho cos mical opinions of the PjthBgoTeana, as slatod by Fhilohins, a disciple of the t^nt 
master, were these: iu the centre of the uuiverse theto exists a (nass of Gie, (Ac loul of lie 
world, arouud which revolve in a circle ten bodies in (ho following order: tiratond most dis- 
tant, the h^nvons with tbo Gxod stars; ncM the five plaiiotsi then (he kuu, (he moon, tho 
earth, and Gnullj tho AnlUhlhon, a mysterious conception, which, lodulgcndy iolcrpreled, 
would seem to sicruify the terrestrial hcmisphcrDopposile to that iuhahi tod byoursclvps. Tho 
basis of (his system, oneof ihe most judicious bequeathed us by antiquity, vios purely men- 
tal, or the offspring of an iuveutiou governed by mystical abstrsctious and vague axioms re- 
specting Iho virtues of numbers.. To support it, insteiid of hiivingiecourso to tlie observation 
W nulural phenomena, it ^ras^samed, tor instance, as aprincipTe, that tii-e, beiue of a tuoro 
eiallod or worthy nature than ourth, must by right occupy (he place of greate^^t difnily, ond 
that in any scriesof difTerenl bodies that place must conespnnd either iviih iho centre or the 
extremes. From this reasoning tho reader may form an eslimiito of tho sjulem of Philoluus, 
asyitem, however, which not ull tho Pylhagoi-eani recoived without re.iliiclion and mudific*- 
tion, for whilo some, as Ilieotas, Ilcraclides and Kpiphantus, attributed to the earth a move- 
ment of r<>ta(jou from west to east, others, and among iheui perhaps Pythagoias hirasclf, 
whoso orijioal ideas have not been transmitted to us, tboueht tbo earth imniovahle in tho 
midst of (he universe. 

Lcucippus and Democritus, both of f.ho Atomic scr(, maintniDcd, (owsrds Ihe middle of 
tho fittb century, liko (ho Ionic philosophers, that tho earth was a plane disk immovable in 
■pace and supported b; the air. 

It was in the early half of tho fourth century before Christ that astronomy, based on th« 
OMervotian of the celestial pbonomeno, began to flourish among the Qreeks. At that time 



FiaUBE OF THE EARTH. 313 

The great truth announced by Oopernicns, the basis of exU^ng astronomy, 
encountered at the time more opponents than partisans ; nor wau it possible rbat, 
io defect of good instruments and delicate observations, be could corroborate 
by iaconteatible facts the eurpri^ing revelations of bis intellect; ho could but 
consign to after ngea the continuation of his theory. In vain did 'I'ycbo Brahe, 
contrary to what might have been expected from his profound knowledge of 
celestial pbenomena, impugn in the name of science, and that bo late as tlie 
clone of the sixteenth century, the astronomical system of Gopernicu!*; in vfun, 
at the commencement of the seventeenth, was it sought, in the name of more 
sacred but ill understood interests, to convert into a stumbling block the public 
belief in the movement of the earth: the truth wrought its own way, and from 
Oaliteo onwwd, for every adversary there were hundreds who suslained it. 
At present there is no longer any discussion about it; be who controverts it * 
b regarded as irrational, and meets tn universal iadifference the reproof of his 
stolid incredulity. 

II. 

If the knowledge, wbelber certain or presumptive, of the ancient philoso- 
phers and mathematicians respecting the roundness and rotation of the earth, 
cannot be considered as the origin or basis of the ideas at present received on 
both thoee points, but mtrcly as a remote antecedent completely forgotten at the 
revival of the discussion in modern times, the same thing nearly may ho predi- 
cated of the researches undertaken to find the value of the radius of the earth's 
circnmfei-ence. The analogy, it is true, is not entirely exact, for in these latter 
researches two things are to be distinguished : the method or principle on which 
they are founded, and the repnlts finally obtained. The first as devised, two or 
three centnrioa hcfiire our era, hy Eralosthenos and Posidonius, both of the school 
of Alexandria, in llic t<amc with that employed in our own time, as is shown in 
our Annual for 186^; the results of the method, whether from the imperfec- 



livcO EudoiuaofGnidti9, n dinciplo nf Plato, usunllj rpKiileut at Cizjcum al 
the Euiine, unil one uf the must dlBtingulshed amoDg*lho Icaracd of hia tinio in tbe lield, 
botb of tliEiory ao<l praclico. To ciplaiu tbe nppcaraucca of tbe heavena, on iLu bj-patlicsis 
of tho repusu of tbo earth, Euduxna ciiarcivcd Ino flrst idea of crjatallino Bpliercs nith axes 
in difTcrcnt dirc<^tion3, and ulso niib ditTi-ruot movcmenla. New factjt Lavicg hem discoverfd, 
Calippus, a iliaciple i>f Eniloxua, in place of IS, atlinitted 33 spheres, a naniLer which Arte- 
HHlo founil it ncce^Niry to rwao to !i5. Tlicso spherca, supposoil at pleasure and BynboUcal 
of as many iosulublc ilifficulliea in the coamical ajnleni loliowed h^ tliexo aavaula, became 
estubliaLrd priociples in Ibo uiioils uf the philosophers mho bad imagined tbcm, as well as 
ia tboBo of Iboir disciples, and coQSociuently obtiiined unquestioned cmTency in the world. 

Ariaiotle, taking up anew au<l luiulyzing the Ideas of Lis prcdcce»Rorti, and rejectipg almost 
alluf tliem, apioufof Ibuir rundmncntal impiacticability. ulmitted, however: Ist. That the 
earth is splicrk-u], iweauso such is the apparent form of all the firmamentnl bodies; such alao 
tho form which a bodj, as a drop of water for inalanco, aaBunies when left to iho free gravi- 
taiiuD of ila panicle; and Hnch tho form of tho eailb's ahadun lu celipsrs of the luoun. 
Sd. That Ihe dinienaioiis uf ibo earth cannot bo extended in au indefiiiito pluQp, seeing that 
vitii over; change of place there ia a change also in tho aspect and nuuitier uf Ihe viiiible 
liars ; and 3dly, That it cannot bo movable in space, since its hypotheiicul mobility meets 
with no rcfluctlou lu [ho cooslant position of other boilies of Ihe univerRc. Tlie systciu of 
Arbitotle, based on tho oliiervations and conjectures of Eudoiua and bis disciples, was that 
adopted by Euclid, Archimedes, Hipparcbus and Ptolemy. 

A )^iierati3ii a^.er Euclid, wbi> entittod one of his theorems "The earth the centre uf Ihe 
nDiver>c," and while Iho opinions of Aiislotle and bis foilowGrs were in Ibo hicbcst favor, 
there vat a. formidable protest against Ibeni advanced by Arislarcbus of Samoa, who flourished 
in ihe earlier half uf the third cenliiry befove onr era, and who wqs one of Ihe most diatin- 
piished luminaries of his age. Arlsturchu^ exploded att the spheres of Eudoxus and Aiis- 
lotle, set the earth again at liberty, aaNlgned to the sun and stars their true poei lion, and laid, 
io a word, the basis of the Copru-nican system ; but in opposition to Aristarchus appcaieil 
Archimedes, on behalf ol science, and Cloauthcs. chief of Ibo stoic sect, in dufcnca uf Ihe 
fsith aud religions prepossessions of tho age, and tbo bappy conreption of tbo sugo of Samos 
remained sunk in oblivion, or pa<!scd into ilio category of dreams, until, in tbo proicss of lime, 
it revived with new vitality and brighter evidence in the mind of tbo riicluae of Tbom. 
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tion of instmmenU. the want of precision od the part of obserrers, or froiD 
having reached us in ob^'curc cxprcdsions or ia uuits Tagai.ly uodcrstood. have 
been of no BiTvic? to modera geomi'tera. Five of theao final regalia are cited 
by Baiily ia his Ui^itorj' of Aucienl Astronomy, and these, doubtless, arc not all 
that might h:tVG been cited ; it ia eufficicut to compare them with one another, 
to perceive liow little guarantee of exactness either of them affords a priori, or 
without sub.-<cqiient corroboration. According to Aristotle, the opinions received 
in his time llg^'igncd 400,000 stadia as the circumference of the earth; Ftolcmy 
adopted 180,000; Eratosthenes and Fosidouins reepcctively 260,000 and 
240,000; Cleomedes 300,000. Tlic learned historian above mentioned explaioa 
these enormous discrepancies, which eould not have resulted from ihe ignorance 
or dullness of the observers, in n sufficiently natural manner, by assigning a 
* diifcrcnt value in each case to the stadium; assuming, as the static of knowl- 
edge at his time respecting ancient mcisures seemed to indicate, fonr kind« of 
Ihulia, approximately of 100, 13G, 170 and 230, metres each, be orrives at the 
tonclusioa that these results, so discordant in appearance, are in the main iden- 
tical, and not remote from those obtained by modern iuveftigalion. But Baply 
himself, one of the moat eiithn^iastic defenders of ancient science, agrees with 
us in thinking that the geodesic labors of the astronomers but little anterior to 
his own epoch, as well as those of bis cotemporaries, were conducted in complete 
independence of the investigations of remote ages and withont reference to a 
coincidence of numbers. I^eaving to himself, therefore, the responsibility of his 
ideas, which we shall neither attempt to defend nor contravene, and judging 
this to be no occasion for reporting the earnest arguments adduced by highly 
respectable nuthore both for and against his views, let ua concede, not to anti- 
quity in general, hut to a part of its philosophera, a knowledge, however loosely 
approximate, of the dimensions of the earth; and with this concession, let na 
pass to an exposition of the geodesic labors of times nearer our own and of 
more authentic character, though not all marked by ait undoubted stamp of 
exactness.^ 

Towards the year 830 of our era, the Arabian astronomers measured, by 
order of the wise Culiph Almahoo, an arc of the meridian ia the plain of bind- 
giar, near the coasts of the Red t3ca ; but the result of tltis operation made but 
little approach to the truth, or was either confusedly expressed at first or had 
been corrupted in the transmission. 

In tho year 1490, as Martin de Navarette relates in his competidions History 
of the Spanish Marine, our learned countryman Antonio de Nebiija, determined 
by various measurements and observations tho quantity of a terrestrial degree, 
and obt;iincd a nnmbcr more near the truth than those before deduced. Subse- 
quently, Ulareanf. in Switzerland, and Oroneio Finco, in France, undertook and 
accomplished a labor analogous to that of Ncbrija ; and the same thing, with 
even better success, was effected by the French physician Fernel, who founded 
his estimate oii the number of revolutions made by the wheel of a carriage 
in its transit from Paiia to Amiens, cities situated under nearly the same me- 
ridian.f 

In JC17, the Dutch astronomer Schnell revived the method of Eratosthenes, 
and applied it, with hotter means and more accuracy than had yet been observed, 

•Tbc reader w!io maj dpsirc to know tbo sligbt or deficient fouQilaiiuns on wbith rest llie 
conjei-luics of ihu uiuhors who msiuluin the profound ujitronoQiicol scicuec of [lie aucieuts 
may consalt tho tiaaliso of Sr. Vasquoi Qiitijm. cnlillcJ, Eatuy on the Alttric and Moaclar^ 
Systems of ^nc:tttl Nations, tonio I, pp, lif., \i.>, uuj note 10, eorrcBpondlng thiiicto. 

..„ .i.„ „.,:„.. 1 ..^..„A „f „„j Qj^j, iinalosojis ones not Jess dewrvinrr to bo known, 

rplalivo to ibe progress of 
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to the moaanrcmcnt of tliQ ai-c of 1° 11' 30" comprised between Alkm^iar and 
Bci^cn-op-Zoom ; but tbu result of bia uudertakiiig, calculated and di!<cus3ed 
by M 11 jc hem brock, did not bcc tlio ligbt until a later period, when othcra bad 
been obtained of tlic same kind with uij^her pretensions to certainty. 

In like manner with Schnell, Norwood determined, in 1035, the difference of 
latitude between York and London, eqnal to 2^ 23', by the difference pf the al- 
titude of tbe sun b ;tween their respective borizona at the period of the sol- 
Eticcd; and afterwards measuring tbe distance between those cities, ho arrived at a 
valuation, too great liowever, of tiie length of a degree of the meridian ; making 
it 57,443 toises, or about 111,955 meires. 

For its novelty, if nothing else, there should be mentioned in connexion 
with the preceding attempts the method proposed by Manrolico, at that epoch 
of measurements, to determine tbe teri-cstrial radius. Assuming the uniiucstion- ' 
able fiict that tbe extension or breadth of land whieh, seen from the sca-shoro, 
or in tbe interior of a nearly level country, depends at once on the height at 
which the spectator la etationed, and on the curvature or radius of the earth, 
Maurolico tliought that by measuring the height of amoantciin near tbe sea 
■nd the route traced without change of direction by a bark until it disappears 
below the horizon, the value of the radius sought might be deduced, withont 
reference to any astronomical observation. This process, put in pruulice at a 
later period, with some Viiriations, and only by way of trial, has led to S result 
greater than might have been expected, being complicated with some causes ot 
error and unecrtaiuty; we do not know that the solution of the problem was 
ever attempted in the lifetime of its author. 

Another idea, ingenious like all proceeding from the same source, occun'ed to 
Kepler, and Uiccioli undertook to realize it, although in practice, from the im- 
perfection of instruments among, other considerations, it could not but lead to 
a result very distant from the trne oue. The idea consists in mca!<uring upon 

y given surface of ground the greatest lineal distance possible, and then cal- 
ing the angles of the two i-eapcctive verticals with the common lino of 
1 comprised between the extremes of the base. It requires but a slight 
notion of geometry to comprehend bow dclic;ite was tbe operation whieh Uic- 
cioli took charge of. and how little reliance eould be placed on results deduced 
from such a process. 

These dilferi.'nt estimates — for they merit no other name— towards ascertaining 
the magnitude of the earth, were but the prelude to other more exact processes, 
and show the necessity that was felt, but ^00 years ago, of obtaining a pre- 
cise knowledge of the dimensions of our planet, as well as the oblivion into 
which the labors of antiquity hod fallen or the small importance attached to 
them. Ill proof of this, let us remember that at the eud of the fifteenth century and 
beginning of the next, Columbus shaped his course towards tbe unknown chores 
of India and Magalknes ti-oced hia adventurous progress across the Pacific, 
npon tbe delusive supposition that the earth was of much less size than it really 
is; and that, in the midst of the seventeenth century, Newton himself, in 
whom the highest genius was not at variance with extensive erudition and a 
Bound judgment, found himself under the necessity of suspending his rcsuarcbcs 
respecting the rcciprociUly attractive action of the earth and the moon, in con- 
Bequence of tbe want of nn approximate valuation for the radius of our globe. 
So pressing did the necessity referred to appear, tliat when the Academy of 
Science? uf Pans was instituted, in ICCG, one of its first acts was to commit to 
Ficard, n distinguished member of that learned assembly, the measurement of 
a new arc of the meridian ; a work which this astronomer completed before the 
end of 1070, by the method adopted by Eratosthenes and Poeldonius, as well 
as by Schnell and Norwood, but which was executed with so much accuracy 
in the details as to form an epoch in the annals of astronomy ai^^g«|desT.. 
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Between Villejuif and Juvtai, Ficard measured a base of 5.663 toiscs, and 
by mcana of five triangles, reeling on that line, deduced a distance from Mareil 
to Mulvoiaiu equal, in tlio units just cited, to 32897. Tliia liae, much greater 
than llic first, served him now for a base to connect Malvoii^in with Sour- 
don, near Auiicns, by a chain of triangles in the direction of the meridian. 
The arc comprised between the two ]ai>t points was 1" 11' 57", and the dis- 
tance deduced from the triangulation and projected ou the meridian was 08,430 
toisea ; whence there reaulti^d for tlie value of a terrestrial degree the number 
570G4. Still later, Pieard extended the operations to Amiens, and the degree 
then stood reduced to 57.057 toiscs ; or, taking a middle term, to 57.060 ; 
a result which, assuming the sphericity of the globe, implied aa the length of 
the earth's radius 3,:iC9,300 units of the above name.* 

Although in thid memorable operation, on which we have dwelt somewhat, 
as being tlie 6r»t among those really worthy of confidence, Pieard displayed 
great talent and activity, the result obtained was cloi^cly approximate to the 
truth only through a singular combination of errors ; since, as appeared in the 
sequel, there was a very considerable one in the value of the tirat base, nor 
was that which existed in the quantity of the arc insignificant; two circum- 
stances which, aa they afiocted tlie result in opposite directions, were neutral- 
ized OS regarded the operation itself, but were afterwards tlic source of much 
extraneous confusion and of long and warm discussions : a sad proof that im- 
perfection, under some disguise or other, lurks in all the works of man ; and 
that, without doing injustice to the memory or merits of the learned, we should 
never blindly surrender our belief to their authority. 

The rotation of the earth being by this time a fact received without contra- 
diction in the scientific world, of necessity soon drew with it its natural eonac- 
quenccB : thus, the ideas of the less weight of bodies at the equator than in 
tlie neighborhood of the poles from the effect of the centrifugal force opposed 
to gravitation, and of the compression of the globe in the direction of the axis 
of movement, hod begun to take root in all rejecting and unprejudiced minda, 
when an observation, in some degree unexpected, gave confirmation to tbia 
view of the question. The academician Richer, having been sent to Guiana, 
in 1C7:^, for scientific purposes of different kinds, returned to his country the 
following year, and among other results of his expedition presented to the 
Academy on observation which, though incidentnlly made, proved to be the most 
important of all : the astronomical pendulum which, at Paris, gave an oscilla- 
tion of one second, was found to move more slowly in G-utana, to tlie extent 
of making in a day S8 oscillations fewer than at the former point. This indi- 
cated an energy of gravitation at the equator inferior to that in high uorthcra 
latitudes, the oxistcnco of the centrifugal force due to the rotary movement of 

* The toieo itpokon of is tliat of Fraacp, rnnlainin^; C.391^0 feci, which dales (torn tbo time 
of CliarlpmiiirnG, anil in guid tu Uavo originaiod ivuh Iba Arabs. For luaiif cenlurics the 
atandiii'il of (iiU unit of muaauro was little bnuwn, and from tiino to time uniiorwcnt modifi- 
cations, Iho rcdults of ignorance or carelosaDeiui more than of fraud, until in Itiiji a new one 
was prrtiA'cd aiiil dcpoMliud in a secure place, in order to Borve as a typo for all of itg kiai] ; 
it WB3 to this ataudai J lliut I'icard uud the geomeldrd who succeeded liiin referred their geo- 
desic ojionktiuns. A reulury allcrwurdi the iron rule which was adopted for the standaru of 
nicasltTeinonl of tri^dniiiuolrical baaoi in I'ora, nl.io a lojse in length, but better constructed 
than the tjiso of I'icard'H tUne and in a bcUw stale of prpservalion than Ibe Inner, waa, at 
tboBUggeiilMinofOoDdauiinp, Je.-larod to he Ibo If (ral lyiit, hI a (empeiiilure of IJ^^ lEcanuinr, 
or IG-' i-cuiiginite, that havinr been ita nipdiiim tomperatun) duriug the opeiationa near 
tbe eijiiator. The mibsoquont labors of Uolaubre and Mechain served to tii Ihe length of 
Ibo new liui-nl unit, or. in other words, uf the uielrp, which, at tbe lcm]»;ra1uro of O'^ is, iu 
;ine*, 4J;t,JJu, thus ustahlialiiiiir betwoen Ihenirliviindthp loise tlio ratio of I to I.D-llWSliSl. 
This Ihsi uiinibcr hoa been oiiiployed us factor la iho nMooinder of this article, whilo it has 
been ihout;lit pioper (o convert tbo andant uuili into tlio modem, or more usual of the deci- 
mal meuio •Tdtam. /-' i 
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flie earth, and the great probability of the ellipticity of the globe. Bnt as the 
ideas of attraction aad of central and centrifugal forces had not as yet become 
familiarized, and aa tlie plienomennn discovered by Bieber might proceed from 
an nnknown ciuiie, the Academy i<u»pcnded its judgment upon the consequences 
deducib^o from that pheaomenon, nntil new and repeated observations flhonld 
confirm or disprove them. The C(Aifirmatioii was not long deferred, for Haliey, 
repealing four years after in St. Helena the Bame experimoutB whiell Richer 
had made, obtained an identical result, and the fact has subsequently been real- 
ized in all the regions of the earth as well as upon the high Bata. 

We may take this occasion tu remark tbat in the study of nature there are 
problems whose solution, after resisting for ages all the force.^ of man, seems at 
aome determinate epoch to become practicable in a hnndred different ways ; ench 
a problem, undoubtedly, was that which now occupies us. In the sixteenth 
century Copernicus, Galileo, and whosoever thought as they did respecting the 
movement of the earth, were regarded with scorn or aversion ; in the middle 
of the seventeenth, the roundness and rotation of the globe are admitted without 
difficulty; in 1670 Pleard determines by a satisfactory process the value of 
die earth's radius ; two years later, the observations of Richer show that the 
form of the globe differs sensibly from the spherical ; about the same time, Cas- 
Bini, by means of the telescope, perceives and measures the remarkable oblate- 
ness of Jupiter, thus supplying from analogy a weighty reason for admitting 
without other proof that of the earth ; while Huyghcns and Newton, preceding 
and directing, as it were, the methods of observation, deduce the same result 
by process of reasoning, establish the extreme limits within which its numeri- 
cal expression must be comprised, and ascend to the cause from which it pro- 
ceeds. Honorable epoch for the haman intellect in which such capital discov- 
eries rapidly succeed one another I With the songs of triumph, however, soon 
mingle the notes of discord, and for some years the problem of the figure of 
the earth remains stationary and proves to be beset with ancxpected difficul- 
ties. 

The Academy of Paris, stimulated by the prompt and apparently satisfac- 
tory termination or the measurement of the terrestrial degree by Picard, con- 
ceived the idea of prolonging the operations instituted by that savant from one 
extremity of France to the other, or, more precisely, from Amiens to Perpig- 
nan ; a bold enterprise for that epoch, which the intelligent activity of Domin- 
Ico Cassini realized in the latter part of the century. Hut when Caa^ni, the 
operations and calculations being concluded, compared with one another the 
Talues of the 7° of the meridian measured, be observed with surprise tbat their 
length continually diminished from south to north, as if the curvature of the 
earth increased towards the poles, or its radius diminished ; or, in other terms, 
as if the compression of the globe corresponded to the equatorial region, contrary 
to alt that was then conjectured or deduced from theory ; a consequence which 
the same astronomer still arrived at after having prolonged the French meridian 
north from Amiens to Dunkirk, at the end of the year 1713. A conflict thus 
became unavoidable and imminent. On the one hand, the authority of Newton 
interposed itself; on the other, that, scarcely less weighty, of the French geom- 
etera, as well as the national pride of the latter ; and as between the extremes 
in discussion there could be no possible compromise, the scientific world was 
divided into two parties ; aU that hod been done or deduced to determine the 
true figure of the earth was brought before the tribunal of opinion, from the 
principle of the universal attraction of matter to the ability of the observers who 
had officiated in the measurement of the arc of the meridian. After much time 
had been lost in barren and heated discussions, the French Academy of Sciences, 
at the suggestion of Maupertnis and Bouguer, two of the most distinguished 
Bavante of their age, adopted the only feasible plan for setting the queBtion 
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^ally at rest. With tliU view, two delegations, composed cliiefly of membera 
of the Academy, and provided with the most delicate inatrumcnts for ohaerviiig 
then koown, were dcapatchcd, one towards the equator, the other to a. high 
iiorthcni latitude, for the purpoeo of moisuring one or more degrees of the 
meridian, from the comparison of which measarements, if effected niih .accuracy, 
might readily be deduced the direction of the terrestrial compression' and its 
value, or the amount of divergence from a spherical form. 

Mnnpcrtuis himself, assisled by Clairaul, Le Monnier, Camus, Outhier, and 
the Ssvediah astrODOmer Gclsias, undertook the second of the operations re- 
ferred to, proceeding to Lapland in 173G, as far as the 76° of latitude; and 
although it might have seemed that the rigors o( the climate would preaerl ob- 
stacles little less than insupcmblc, he had the good fortune to terminate his un- 
dertaking in scarcely more than two months. The tri angulation extended from 
the mountain of Kittis at the north to the church of Toruca at the south ; the 
base, of 7.407 toiaes, was measured upon the frozen river bearing the latter name, 
under conditions of exactness scarcely to be attained in any other climate ; the 
quantity of the arc measured was 57' 29", and the resulting value of the de- 
gi-ce of the meridian equal to 57.438 toisca, or 378 more than the degree of 
Pieard, as would be naturally the case on the supposition of the earth's being 
flattened towards the pofca. 

The other commission destined for the equator, and composed of Godin, La 
Condaminc and Bouguer, had sailed a year earlier, or in 1735, and by order of 
the Spanish government was joined at Quito by D. Jorge Juan and D. Anto- 
nio de Uiloa, both worthy, from their zeal and intelligence, to co-operate with 
the French delegation. To recite the hardships to which these distinguished 
men were subjected during the eight years occupied in their prescribed taski 
the disappointments which they encountered, the deHcicncics to be remedied, 
the precautions to be taken, and the sagacity and skill of which they made proof, , 
would be beside our present purpose. Suffice it to say. that their measurement 
of the are in Prni, notwithstanding the recent progress of practical astronomy, 
is still considered as a masterly operation in its kind. 

The degree of Peru, of 56.753 toises, compared with that which Picard bad 
measured in the north of France, pointed substantially to the same resulc with that 
already obtained by the collation of this last with the degree of Lapland ; that 
is to Bay, to the polar compression of the terrestrial globe. To what, then, was 
it attributable that from the examination of the different degrees of the French 
meridian there resulted a diametrically opposite consequence to the abovcl 
From the fact before hinted at, that the first base measured by Picard labored 
under a considerable error, compensated, indeed, as regarded the final result by 
Other errors of quite a distinct kind which were committed in the course of the 
operations, and which by a rare .concurrence of circumstances operated in an 
opposite direction to the preceding. Without distrusting its exactness, Cassiai 
also took that first line for the base of a triangulalion much more extensive and 
important than that of Picard, and hence arose those incidental anomalies 
which involved the learned in so much confusion, until the illustrious La Caille 
divined from what source that incomprehensible difficulty emanated. I'bc bosff 
in question having been rectified by successive admeasurements in 1740-1754, 
and the calculations corrected, the capital discrepancy, which till that date 
had interfered with the various geodesic results, disap]>eared. 

In stating that the contradiction disappeared, we would only be understood 
to Riiy that, after the epoch just referi-cd to, there was a unanimous concur- 
rence in the fact of the defective sphericity of the earth and tlie (lattcning of 
its pide-a; as regards the definite value of this, and the geometric figure to 
which our globe most nearly approaches, neither did such uuauimity th«n, nor. 
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to oar regret, does it still prevail ; perhaps, indeed, the conditioos of the proly 
lem forbid that it should ever do bo. 

From tlio values of the degree measured in Lapland and of the raean degree 
of France, tlicro vraa deduced, ae the cxprcesion of the tern>atrial oblatcnesd the 
fraction yj^; which means that, reprvsentiog the equatorial radius by a length 
of 1U2 units of any kind, tho polar radius would be 131 of the same. A com- 
partaon of the degree of Peru with tho French gave for the value of thid ine- 
quality the number j^ ; that of the estremo degrees of Peru and Laplaud 
jhf! while, according to Newton, theory assigned to this quauiity the value 
wItj. Thns it was that, in a point bo delicate and iniercstiiig, it sllll seemed 
difficult to Itnow upon what to rely, notwithstanding ibe diligence and solicitude 
applied to the solution of the quealion Id all ita bearings. 

Jt might have ecemed that here were contrndictionB enough ; but in propor- 
tion OS other values of a degree of tho meridian wore determined, as by Uo^sco- 
vich between Rome and Rimini in 1754. by Beccaria in Piedmont in ITtiS, by 
Licsganig in Hungary aud Austria in 1768, by Ma^on and Dixon in America, 
about the eamc period, and by La Gaillc near the Capo of Good Hope, uew ir- 
regularities or anomalies were constantly encountered, incomprehensible upon 
any one principle, or inexplicable by tho adoption of any . regular aud unique 
type, however complicated, as the tigure of the earth. The confusion grew to 
such an extent that every one felt impelled to investigate irs origin ; and while 
some ascribed it to the physical conditions of the globe, admitting no assimilation 
of ita form to any geometrical type, others imputed it to a defect of ihc inetru- 
ments, others to the occasional oscitaney of the observers, and others again to 
errors of calculation. There was a little of all thc:'e. The calculations were 
revised and considerable errors detected, in the degree of Lapland among 
others; the observations were discUBsed, and were found not to be worthy of 
iiDreatrictpd confidence; the condition of the instruments was examined and 
was not round to be unimpeachable; in fine, since Bougucr first euspccted it 
in his expedition to Peru until now, there have been encountered, in the local 
attractions of mountains and in the diffoience of thickness and of material in tho 
crust of the earth, numerous causes of perturbation in the direction of the ver- 
tical — that is to aay, of the first line of reference ; which causes must neceasa- 
rily exert au injurious influence on the final results of the obaervations. To 
whatever attributable, the fact remains, that till near the end of the last cen< 
tnry the uncertainty rcBpecting the value of the terrestrial fiattcniug was com- 
plete. When we shall have finished the recital of geodesic operations conducted 
subsequently to those already mentioned, we shall see whether or not the same 
doubt exists at this advanced stage of the present century. 

Tho idea of establishing a system of weights and measures whose fuodamen- 
tal unit, instead of being arbitrary, should present a simple relation to some im- 
portant element of the same kind derived from the physical world, induced the 
republican government of France to order in 1792 a new measurement of the 
terrestrial globe. The operations instituted by Picard and continued by tho 
Caasinis, Maraldi and La,CaiUc, on account of the imperfection of the iustrn- 
mcnta employed and tho errors and doubts involved, were deemed iusnfficient 
for the purpose ; and Delambre and Mechain assumed the colossal task of re- 
newing them from tho beginning and completing them according fo various cri- 
terious. Delambre exhibited his science and talent la the mca:^urement of the 
French meridian from Dunkirk to Perpignan, and Mceliain in the prolongation 
of this line through Catalonia to tho coasts of Valencia. The labors of ihcso 
two celebrated geometers Jiaving been concluded in 1790. tho value of the 
earth's pnkr compression was, with the concurrcneo of an assemblage of 
savants of different countries, computed at ^\-j, and upon this computation the 
length of tho metre, tho base of the new syatem of weights and measures, was 
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tdkim S8 tbe ten milliontli part of one quarter of the meridian jnst nteasoTcd.* 
Ill l^O't M'.'chain putdcd an'.'w into Spain with the inteotion of prolonging ths 
arc of tti<? mtri'lim tn thi; Balearic islaods; bat being placed in detention ia 
the fortr^f:'4 of Mtnrjuich. in conieqaence of the ill nndcratanding then subeigt- 
ing b'^twi!!?.! hi.s own government and onm, he tooL the occasion to reclitj his 
former calculations and observation.*, and fmm the mortification wliich he ex- 
perienced at obiserving certain di^crepanciep, frli into a state of dejection, and 
after having been previously pet at liberty, died at Ciutellon de la I'lana in the 
year 1805. During the two fallowing yeara, Biot and Arago, a^si^ted by the 
SpaniardH Chaix aud Rodri^iez, not L-ss worthy of participating in this work 
than Onn Jorge Juan and Ulloa in that of Peru, carried the operation to the 
iBBuc conKtmpluted by the too scmpnlons Hechain. 

The Britinh triangulation was iniliated in 1784 nuder the direction of General 
Boy, with the twofold object of perfecting the geographical chart of the United 
Kingdom, and at the same time prolonging towardd the north the measurement 
of a ti-rre^trial meridian. After being suspended in 1788, these labors were 
resumed in 1793 under the superviBion of W. Mudge. who extended the geodesic 
system to the extreme confined of Scotland, and deduced, as the value of the 
earth's compres:<ion, the fi-action yj^, being identical with that obtained hi 
France; yet the Spaniard Rodriguez Goon after dcmonetrated that in the conrse 
of the UritiHh operations frequent and, to a certain extent, inexplicable anoma- 
licB were distiognishablc. 

After the preceding meastirements the following arc the principal ones in the 
order of their daten : 

That of the arc of Lapland in 1801, nndertakeu witb a view of verifying 
and extending the work of Maupcrtius. 

That effiicted in India, in 1802, 1803, by Colonel Lambton, from which there 
resulted at first a flattening of jjj. which Rodiignez, in repeating the calcula- 
tions, reduced to j^j. Tlie same Lambton inaugurated another vast operation 
which, continnedljy Captain Everest, embraced an actual arc of more than 21", 
from C.ipe Comorin to Kaliana. north of Delhi. 

That of Piedmont, 1821 to 1823, conducted by the Italian astronomen 
Carlini and Plana. 

That of the meridian of Dorpat, begun in 1817 and 1S21 by Tenner and W. 
Struvo, and which up to this time prolonged north and sonth from the frozen 
coast of Norway to the mouths of the Danube, comprises an arc of more 
than 85°. 

ThoBo of Hanover and Denmark, accomplished by Gansa and Schnmacher, 
It the same date with the Piedmonteae triangulation. 

The Prussian, corresponding to the meridian of Kflningsberg, which, nnder 
the snpcrinlendenco of Bessel and Biiyer, exJiibita a model in labors of thn 
nature, and which it will bo difficnlt for any future ones to excel. 

Besides these important triangulation s, still another deserves notice, which 
was effected by Maclear in the extreme eouth of Africa, with the object of 



* Tho ratculaOonfl roqnlrcU lo fix Iho length of the m 

?ut of Hullmicl, Tmllps of Switierlaud. jUplare and _.^ , 
pain. Drliunbro Hhotvod, doI toog nTloTnanU. that, aa ivell in ibe Hcleutiou and aoaljns 
«f Ibo olomenu of (lie calculation an In ihc calculation iue If, not all Ihe circumgpccliou deair- 
ablu hnd bocn obwrved ; a judcmoDt which analo^u* works. eScct^ in ibe rourse of the 
pronant cpiittirj, havo riilly conSrmed. The difference between the legal and tbo theoretic 
iBBlrd — a difforonco which will navpr be perfectly known — ia, however, yetj sdihII, Hnd nbates 
but litllo or not at all the meilt of the decimal metric aystem, which poasesBea, in other 
reniiccls, Iho moat un question able advanlagca over other sfatoma now in nse. Still it ia 
well to knvw that Uitwoen Iho metre and the quarter of the meridian there doea not eiiet Ihc 
aInipiD rvlntlon which woa at tirat anppoaed, (hut hdIi having tieon rodnced to a conventional 
typii, aa ia also the <wn with all olhera of ita kind. 
Un thU eulu<Ml mar b« G«aiall«d the TValo^ 4» ttttaoralagia Aatiama ■ IMtnm,mor M. 
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dKidiDE whether the cnrratnre of the two terrestrial hemiaphereB should be 
regarded as identical or distinct. At the end of the last ceDtury, as has heen 
before intimated, La Gaille had transported himself from France to the Cape of 
Good Hope, in the design of co-operating in the solution of various astrODomical 
problems , which in that remote country seemed to call for an intelligent ob- 
Bcrrer, and having there executed themeasuremeut of a small arc of the meridian, 
be obtained for the irregularity of the globe a mtich smaller value than any of 
the analogous ones deduced in Europe and America. How was this anomalous 
result to be explained? In one of two manners: either by attribnting it to a 
real defect of symmetry in the form of the earth, or to an error, not easily to 
be avoided, in the operations of La Caille; but as the first was contradictory 
of the received theory and opposed to many facts well ascertained by other 
obscrvera, and as the second was scarcely admissible in view of the recognized 
taient, industry and conscientious nee a of the French savant, no one knew which 
alternative to adopt. Everest, on his return from India, inspected the locality 
where La Gaille had operated, and at sight of the mountains which surround 
it concluded that the distinguished astronomer might eaaily have deceived him- 
self, or neglected certain precautions without which do geodeaic labor con really 
afford a snfficieut guarantee of certainty. Haclear, with due regard to the 
indications of Everest, nndertook in 1837 an operation analogous to that pre- 
viously executed by La Caille, though on a larger acaleand with bettermaterial 
resources ; and the result now confirmed the previsions of the theory, or the 
identity of form of both terrestrial hemiapheres. 

Nor has it been 'only in a direction from north to aoutb that astronomers and 
geometers have essayed to estimate the dimensions of the cartb. When a com- 
parison of the first results obtained in the proceedings directed to that object 
had revealed, not only the defective aphertcity of our globe, but the irregufaii- 
ties or accidents which interrupt its prcaumcd elltpticity, whether from one pole 
to the opposite, or even in paaaing from one meridian to another not far distant, 
the attempt was also made to measure one or more arcs of parallel. That by 
this means, as by the former, and still better By a combination of both, a know- 
ledge of the form and volume of the earth might be obtained, ia readily con- . 
ceivcd ; and when it is coneidcred that tbia new operation is even more delicate 
and troublesome than the other, the reader will scarcely wonder that till a quite 
recent epoch the number of ores of parallel mcaaured bore no proportion to the 
arcs of meridian. The Franco-Spanish commission, charged with mcaeuring an 
arc of the latter aort in Peru, proposed also to determine the voluo oi a degree 
of parallel, which in those regions would have been ii degree of the equator,' 
but a difference of views as to the csccutinn, added to the difficulties of the 
enterprise, led to a relinquishment of the project before it hud begun to be 
carried into effect. At the same epoch, 1734 to 1740, the Cu^sinia, Maraldi 
and La Caille measured in France two arcs of parallel, one in the latitude of 
Paris, the other across Provence; and still later Lambton undertook in India a 
work of the same kind; but these first essays led to no definite result, and 
Served only to show at once the utility of the undertaking and the di£Gcutties 
which its adequate accomplishment would present. The measurement of a 
great arc of parallel, Btrctcliing from the neighborhood of Bordeaux to Padua, 
or from the ocean to the Adriatic, over an extent of 13° and nt a latitude of 
45° 43', was commenced in 1811 under the direction of Colonel Brosscau, and 
continned in 1820 across upper Italy by Carlini, Plana and other astronomers 
and geometers of Italy, France and Switzerland. Besides thisopcration, which 
forms an epoch in the annals of geodesy, there must also be mentioned the 
measurement of another arc upon the parallel of Parts, from Brest to Strasburg, 
executed between 1818 and 1823, by the French functionaries Bonne and 
Uenry ; another completed from Greenwich to Valentia in the west of Ireland, 
by Professor Airy ; and a third commenced in 18ST by W, Struvc, in 53° a£ 
21 S 



322 FIOOBE OF THE EABTB. 

I&titnde. deugned to conaect vith the last, aad thus embrace bd arc of abont 
70° total length, from ooe extremity of £arope to the other. 

It would be impoflsible, withoat overstepping the limitB wtdch diacretion pie- 
seribea, to carry farther this enumeration of geodeaic labors already accom- 
plished, or in coarse of execation, or projected for earlyrealication. Ihe earth 
would he seen to he covered with an immense aet-work of triangles, whose 
meshes interlace more and more every day, so aa to leave to trath thus earnestly 
Bonght less and less chance of finally evading detecUon. In this work of so 
many ages, where, more perhaps than in any other, man has displayed the 
talent and irresistible energy with which he is endowed, Spain is to-day taking 
an actire and honorable part. The summits of onr mountains, althongh oon- 
stantly visited by diatingnished military functionanee, roaound not now with 
the echoes nor ore seen clothed with the smoke of battle. They serve not aa 
watch-towera of war, but as atations for geodesic signals, tne symbols of peace 
and of coltore. 

Bnt, as is opportanely aaked, in order to dispel the donht, by one of the most 
estimable intellects of our country,* To what end do so many measurements 
of the globe conduce! What practical result is expected from such laboriona 
and persevering attempts 1 Of results to be appreciated by the material and. 
tangible interests involved, perhaps none ; but does science propose for its ex- 
clnaive object the satisfaction of man's primary necessities 1 Sunger and thirst 
appeased, is there, indeed, nothmg beyond ) Wretched would be the scienca 
which woold shnt itself np within such narrow limits, which abonld restrict the 
sonl to Uie care of its frail tenement, and seek in the secrets'of nature no trace 
of its Creator, which should refuse to lift itself from the abject to the elevated, 
from the slough of earth to the etherial regions of infinity. And t^ing for 
granted that uiere is nothing fortuitous in tbo universe, and that the earth, instead 
of being spherical, is elliptical, or of a more complicated form, does not science 
fulfil its appropriate task when it investigates the true figure of this little globe 
of oura, not for the simple pleasure of knowing it, but witb the further purpose 
of discussing the reason of tbat form, its origin, the cbaogee experienced, the 
perturbations by wfiich it may have been afiected, the influence it exerts or the 
nnction it fulfils in the admirable co-ordhiation of the created whole 1 If all 
this is not worth the trouble of investigation, to what other mystery of the physi- 
cal world should man, in preference, consecrate his studies t 

III. 

Having mentioned the principal geodesic operations which have, at difierent 
times, been effected in different countries, to determine the form of the earth, 
it remains only to indicate the manner in which the partial results deduced from 
those operations have been combined, in order to obtain the final result, which 
is, at present, regarded as most approximate to the existing reality. Three 
distinct modes have been succesaivcly adopted for arriving at the proposed end. 

As the result of inexact observations, and an incomplete theory, it was first 
assumed that the earth's figure was perfectly spherical. The labors of Picard, 
and of the French geometers, who immediately followed him, conclusively 
demonstrate the fallacy of this supposition ; since, in contradiction nf such an 
hypothesis, very different terrestrial radii were found to result from the euvoral 
degrees of meridian measured, and within limits too wide to admit of the infer- 
ence that these differences were, collectively, attributable to errors of observa- 
tion, or mistakes in calculation. 

The laws even then recognized, of the universal attraction of matter, the 
aspect of certain planets, such oa Jupiter, which exhibit a flattening towards 
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their polea, or the extreiiiitiea of the a^ of rotstioii. and an indttcdoa feonded 
on w^-proyed facta, showing that the terraqaeons dobe existed, at some vary 
remote period, in a state of perfect flaidit^, faraishea eofficient grounds for con- 
cluding that the earth, instead of being sphmeal, would naturally present an 
elliptical figure, or one slightly depressed in the direotioa of the polar axis. 
This being conceived, it remained simply to deduce from geodesical operations 
the value of the depression, or, what amoonta to the same thing, the relation of 
the two axes of the generating ellipsoid, aa well as the definite dimensioBB of 
diose axes, for all which it had, in strictness, sufficed to measure two sm^ 
arcs of meridian in widely separated latitudes— one, for instance, near the eqna- 
tor, the other in Bome inhabitable region nearest to either pole; nor, on the 
above snpposition, would it have been of consequence whether those arcs coi^ 
responded to the same or to different meridians, while any intermediate arc, 
which might be measured, would serve for the verification of the former, as well 
OS of the law of ellipticity, assomed as a point of departnre. When the results 
of the scientific expeditions to Fern and Lapland were known, and were com- 
pared in the proposed view with those obtained in France, and for the first time 
the ralaes of^the oblatenees of the earth and of the equatorial and polar axes 
were deduced, it was observed, not without surprise, that between the final de- 
dactions drawn, with the aid of so mach experience, and with the theoretical 
ideas generated by those laborious investigations, there did not exist all the 
conformity which had been hoped for. The discordance, however, was at once 
attributed, not so much to the defect of the theory, as to the erron, to a certain 
extent inevitable, which had been committed in uie course of the operations, or 
to local irregularities in the surface of the earth ; but, as time advanced, and 
instruments were improved, while the obstacles already overcome served as 
useful indications to succeeding observers, the conviction was acquired, either 
that the form of the earth was not so simple and regular as was at first sup- 
posed, or, mere probably, that the heterogeneity of its mass, and the inequality 
of the thickness of its crust, acting as disturbing causes, embarrassed the labors 
of geodesy, and opposed their indefinite advancement. Certain it is, at any rate, 
that at the close of the last century, as has been already intimated, great inde- 
cision prevailed as to the real value' of the earth's ellipticity, and that, but for 
the resort to an ingenious mode of eluding the difficulty, the same doubt would 
have prevailed on this point to the present day. A single citation will prove 
the trath of what has been just said. The Bnssian general, Schubert, a dis- 
tinguished mathematician and astronomer, collated, in a memoir published at 
St. Petersburg in 1859,* the elements of the eight principal arcs of meridian 
yet known, being the Russian ore, measured by Hanateen, Sclander, Strave, 
and Tenner; the Prussian, the English, and the French arcs ; the arc measured 
in Pennsylvania by Mason and Dixon ; that in Peru, by the Franco- Spanish 
commission; that in India, by Lambton and Everest; and that measnred at 
the Cape of Good Hope by Maclear. By combining these eight arcs, two by 
two, in all possible manners, the Russian savant deduced, for the elements 
of the terrestrial ellipsoid, twenty-eight difierent results, between limits much 
wider, doubtless, tl^n the reader would imagine. Limiting oureelvea, for 
example, to the polar compression, the twenty-eight valuations jnst cited 
group themsctves in this manner : Three are higher than the fraction j^ ; four 
are higher than ^^, and lower than the preceding fraction ; nine are comprised 
between the last and ^i^; seven between that and 3^ ! three between glo- and 
•Ajs ; and two, finally, being those corresponding to the combinations of the 
Uussian with the Prussian arc, and of the arc of the Cape with that of Pennsyl- 
vania, are lower than the fraction ri^. Supposing even that there were good 
and sufficient reasons for subtracting from the extreme values, it will still be 
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Mten fiwD (faia iliglit uuljiu of Scbnbert'/ work tlud thete is a wide field far 
the cicreiw of doubt. 

If it t>c cADcmled that the ipherical figure of the earth ia not admiaefble, mnd 
tbe c'ltipticn] appean as little accordant with the most probttble reanlts of obeer- 
▼ation, what other gcometrica] type will represent, better than these two, or 
iDore appro ximalely than the second, the general fonn of onr globe 1 None, ia 
fact ; tor nfrither the more complicated fignre, which Bongner imagined, imv the 
idea of Mrparatiog the axis of ayrametrj from the polar axis, sn^csted hy KlU- 

5 el, concfrptioni, both of them, which the theory of the attraction and primeral 
iiidity of the earth excludes, are fonnd to bo exempt from the grarc incon- 
venienccH which oppose themselves to the adoption of the second supposition. 
Of this tnitii Hcbul)i;rt himself sappliea hb witn a good proof. In hia memwr 
alwvn citud, oftcr analyzing the divcigencCB, with reference to the form of tW 
earth, accordiDfif to the ok-raonts from which that form ia dcdaced. and invwti- 
Itinif tbo cauHos from which-eo great a discordance might proceed, he conclndea 



p; 



mrtinUiiiini; that tho oanb reaoroblcB, not so much an clltpBoid of rcToliiti«i. 
as an cllipDoid^of three axes, or, what is the aamo thing, that the meridians ai« 
to bo regarded as unequal cllipBca, and tho equator and parallels as also el 
lipras, and not as circles, as bad, till that date, been belieycd. But the Bame 
HHtroiiomer, who sooidb so well por«uaded of this consequence from his first in< 
vestigatlonii in April, iFi.lO, offirmo, in January, 1S61,* that, setting aside the 
are ol India, he does not find, in tho reat of the geodesic opcrationa, any grounds 
for doubting that iho tonvstrinl globe is an ellipsoid of revolution, compressed 
In ihodiriH-tion of tho pole*. Whatdoeetbiachangc of opinion, this vacillation, 
In a mau of Si'bubert'H merit prove, if not that this last figure represents that 
of tho oailh, a» far a^ a geometrical abstraction can represent the forms, full of 
life and hamiouinus adaptability, of natural objects 1 

)lul, admitting iho cUiplioal tunn. it still remains to determine its constitutive 
vU'Uienli'. and h» diuH-nniuns ; aud. wiih this view, what is tlie combination of 
ari'it of nii'cidiAu wbii-h sliould be [irilerred to the rest, whether for the precision 
with whioh thtK<(« an-.i have U'eu measurtHl the merit of the geometers to whom 
th<> inM-iMt«iii,i wort- iulru^ilt-i), or the fiivorable circurostanca of time and terri- 
liirv in wliich thcv wer* estviHtHl I No siii'gle combination whatever; First. 
)liv,tn:<o oil lli»t aslroitomen DfmoritiHl Tvput;itton and conecieotiouancss profess 
lv> luvi' dotn- »\wM W iviisidir\sl to be well done, or. at least, to be comparable 
wnh what Kilior a.-<ln>n<>ui<-r^ eudoweil with the ^mc qualities, are capable of 
tt-uli-iiii;, itii.l.-r tlio iK'ii.tltyof intnvlui-inj; into iLe science a principle of endless 
w.iiHi-ion, ^-n'lulty. lUvitiiie the ditl'en-uces which occur in iho elements of 
iho Icnv-t't.it cllii",'!,!. tcik<-iil'y !k'parat<-ci.>nibiiunion8 of arcs of meridian, indi; 
i^it^ nxi '•'• mii^li a dvi'tvt in ilie o|>iT;iti<.>u». or a fault in tbe obst^rvers, aa a real 
lo l.'iiu »f lliet-anh, or the ex Science of disturbing causes, such 
,irMn \'i' uiKunr.iina. and ivcn th.we, scarcely avoidable in prac- 
vd livm the uuequji density and thickness of a plane Burface, 
eiiuse if, in all ctriciness, tho form which we seek does not co- 
iniMinvivcd figure, ihc ioiercsts of trnib will always vindicate 
o^niiion, if not by an apparent Bimplicity,at any rate by other 
iiie* than ix-ruin to any theory, however simple and seductive. 
1 d,-,ln<-e ilic gcomotrical figure of the earth the proper course 
N to take into view all the panial mcasurementa which have 
uh. at lea.'^l, as arc distingiiisbcd by some notable circnmstance, 
Inch they correspond, the extent tl.cy embrace, or the accuracy 
which li;.H niMked their cseculion. rejectmg. of course, all which manifest car&. 
losBnt-s:, on tlK> l«rt of the ob.-crvcrs. or defect in the instruments which tbev 
havo been obliged to employ; and, assuming that the ellipsoid of revolution it 
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in theory, and to a certain point also hy experiment, the hypothetical figure 
most conformable to reality, tne final problem, one of pare mathematical analysis, 
and not certainly exempt from difficulties, will consist in finding, by a collation 
of the Taluea of tho several arcs of meridian and parallel already measared, 
or hereafter to be mcaanred, tbe cnrvatnro and dimensioDB of the ellipsoid of 
the above apecies, which, without exactly satisfying one or two geodeeical 
operations, represents the results of all with tbe closest possible approximation. 
In this difficult labor the Germans, Walbeck and Schmidt, by combining, re- 
spectively, six and seven degrees of meridian, Bessel ten. Airy fourteen of 
meridian and four of parallel, and, finally, the Englishman, Colonel H. James, 
eight arcs of tho former kind, which ofTorded tho greatest assurance of exact- 
ness, arrived independently at results closely coinciding with one another, each 
of which might serve, in the absence of the rest, for a definite solution of the 
problem with which we are occupied. In the first of the two following tables, 
taken, though not entire, nor in the form here presented, from the Annnal 
(Jahrbnch) of the Observatory of Berlin, for 1853, are shown the principal 
values given by the above mathematicians, together with the elements of the 
ellipsoid, which served for the. establishment of the decimal metric system, in 
the calculation of which, as was before said, only the results obtained in Fern, 
France, and Lapland were taken into account, and that, too, before thcso were 
competently known. In the second table are presented other values, relative 
likewise to the form and voluine of the earth, deduced from the fundamental 
elements of the globe, calculated hy Bessel, and not less worthy of attention 
than those contained in the former table. The initials employed in both tables 
signify as follows; 

In the first, B and r, tbe equatorial and polar radii ; D, their difference ; C> 
the polar compression of tbe globe, or the difierence of the radii referred to tbe 
greater; e*, the sqiioro of the eccentricity of any meridian ellipse, or, say, tbe 
oifference of the squares of tbe two principal radii, referred to the square of the 
equatorial radins ; Q and {, the valnes of the equatorial and meridian quadrants ; 
and D and d, the values of a single degree of the equator and of a mean degree 
of meridian, computed in metres li^e ul tbe preceding which do not express 
abstract relatione. 

In the second table the sign f marks the latitude or distance from the equator 
of the place or point to which the nDmbcra on the right refer ; U expresses tbe 
value of an arc of meridian of a single degree, comprised between tbe first and 
the corresponding latitudes of the margin ; P, that of a degree of parallel ; R, 
the terrestrial radius or dinouce of the surface from tbe centre of tbe earth 
variable with the latitude; and A, the area in square kilometres, comprised be- 
tween two meridians separated by a degree of tbe equator and two parallek, 
between which intervenes a degree of meridian for differeut latitudes. 

Elemattt of the Urratrial eUipMoid. 
TABLE 1. 
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From tbe examinatioa of the first of the above tables it resalts that, if we 
adhere to the geodesic operations alone, the number j^g expreBBSB by how mach 
the terreatrial globe differs from the spherical form, and the numbers 6,377 and 
6,358 (kilometers) give the dimensions of the greater and lesa or equatorial and 
polar radii, an approximation which might, in all probability, be qnalified with 
a higher degree of exactness by adopting either the fundament^ elements given 
by Besael, the astronomer of the most enviable reputation of the current centnn', 
or those dodaced somewhat later, and, of course, ftom more copioua data by the 
distioguisbed director of the Observatory of Greenwich, Professor Airy. The 
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ezactneBfl, or, at least, close approximation of the namber y^, is found, nwre- 
over, to be confirmed by another class of considerations extraneouB, in a certalo 
degree, to geodesy, and very indirectly related to those which serred the two 
celebrated aBtronomers lost mentioned as a basis and guide in their raloable 
labors of combination and analysis. 

It was remarked at the close of the second part of the present article that 
nothing in natnre is fortuitous ; and it might well have been added that not only 
is nothing fortuitous, bntthere is nothing without a reason for its being as it is, 
DOtbiog euBceptible of being essentially modified withont communicating an 
impression to other organic parts of the complicated mechanism of the universe. 
The movement by which the moon is carried around the earth does not depend 
exclusively on the intervening distance or the respective masBes of the two 
bodies, hut on the distribution of their masses in concentric groups or on the 
figure of both globes. If the earth were spherical, the movement of ita satel- 
lite would not be that which is always observed ; nor if the discrepancy from 
that simple form hod been represented by a fraction differing from ^^ would 
this fact have failed to disclose itself in a degree more or less sensible m somfl 
of the accidents which characterize the lunar movement : theory, based upon 
the laws of universal attraction, laws announced by Newton and so sagaciously 
developed by Laplace, indicated the orbit which the moon was destined to da- 
scribe on the hypothesis of the polar depression of our globe being less by y^ 
than the equatorial radius, and observation promptly confirmed all the conclu- 
sions to which the theory had pointed. Few astronomical discoveries reflect 
more honor on the human intellect than the valuation of the earth's ellipticity 
based upon the principles which have been just cursorily mentioned. 

But it is not ncccsaary to withdraw our eyes from the globe we inhabit to 
discover other means, besides those which are strictly geodesical, not only of 
demonstrating the ellipticity of its form, but of verifying the limits within 
which the eccentricity of that new figure is comprised. Our readers will doubt- 
less readily infer that the process alluded to consists in the use of the penda- 
Inm, whose oscillations are more or Ices rapid in different parts of the earth, 
by reason of its form being sensibly and essentially different from the spheri- 
cal. When Laplace announced the relation existing between the movemeutof 
the moon and the oblateness of the earth, Clairault, in a special treatise on the 
subject, had already stated the law of interdependence by which the contina- 
ous depression of the globe from the equator to the poles is associated with 
the variations of gravitation or of tho weight of bodies, and consequently with 
the oscillatory movement of a pcndnlum on the surface of that globe. By both 
geometers the task of verifying the truth of their theories was bequeathed to 
after experiment, and in both cases the previsions of mathematical analysis aud 
the results of observations long and carefully repeated have been found to be 
perfectly accordant. 

In the long period which elapsed from the date when the French academiciaa 
Richer first noticed the retardation of the pendulum in the equatorial zone, 
to that when the Spanish admiral, Malespina, undertook his justly celebrated 
"voyage of scientific exploration in 1739, the experiments made with the pendn- 
lum were numerous and interesting, in so far as they were directed to the 
demonstration of the ellipticity of tho earth and the accidental irregnlaritiea 
which distiuguisb it ; but those undertaken with a view to determine the value 
of that ellipticity have been neither so many nor were they so early as the 
former. In 1826 Beaecl showed the inaccuracy or want of care in the process 
till then followed for deducing from tho oscillations or length of a compoaud 
pendulum, moving in air aud at a variable temperature, the correspouding ele- 
ments of a simple pendulum, oscillating in a vacuum and in a thermal state of 
absolute invariability ; and, even much later, Humboldt thought' that experi- 
ments with thj pendulum, comparable in delicacy and precision with the 
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uc of mendlan extending from Palermo to the pamllel (^ Cristiftnia and tlpMl. 
aeroae seas snd continent! prodigiooEly diy^vified. and intermediate to tfaeBu5- 
fliau arc in the east and that stretching from Formentcra to the Shetland i&lea 
in the west of Europe, have been zealously seconded b; the Pmsaian general 
Baeyer, the companion of Bessel in thegeodesic operatiouB of Koeaigsberg, and 
distinguished alike for his knowledge and experience. In the memoir relative to 
this matter, which he published in Berlin in 1661, Baeyer does not ask the pro- 
tectioD of goverments, nor invoke the le&med of all countries to unite Uieir 
efforts, for the purpose of ascertaining whether the polar compresBion of the 
earth is a hundred-thousandth part greater or less than it is beliered to be; be 
holds, on the contrary, that the geometricaJ problem is resolved ; hut the physi- 
cal and geolf^ical problem, closely associated with the real figure of the globe, 
he regards as scarcely yet defined. The idea of Baeyer, which Biot, as we 
have seen, also cherished, and which equally exercises the thoughts of other 
Bavants, wonld doubtless be realized, S the local influences whidi embarrasa 
and complicate the geodesical operations, instead of being avoided ae heretofore, 
were purposely sought for and measured ; if, wherever pracdos^te, the net-work 
of trianglos were extended around and over the snrtace of sens and of volcanic 
regions, and across the valleys and mountain-chaina of more abnormal compo- 
rition; if the instruments for measuring distances and angles were rendered 
comparablo in some sort to the balance of the chemistand the goniometer of the 
mineralogiat ; in brief, if, after having defined the external figure of the earth, 
geodesy should penetrate, as it were with the eyes of induction, into the interior 
of the globe, in order to reveal to us the origin of that figure, the transforma- 
tions it has experienced, and the stability, whether little or great, which it pos- 
sessea for resisting the deatmctive assaolta of time, Considcrod under this new 
aspect, the queation presents an extraordinary interest, op«tB to view an indeS- 
nile and almost unexplored horizon, and affords one proof more of the close 
interconnexion which exists among all the natural sciences. Let the project 
of Baeyer or some an^ogoos one he transferred to the field of practice, and the 
nineteenth century will bare won yet another title to the considoation of the 
ages tooone. 
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t IKVBNTtON OP BALLOONS. 



Man, by reason of hie weight, and the weakness of his muscnlar power, 
seemed doomed to creep on the surface of the earth, and to have been disquali- 
fied for Btudying the physical properties of the higher regions of our atmospneret 
except through the toilsome ascent to monntoin eommits. But what difEcnltleB 
are there over which genius, united with persererance, will not eventually tri- 
umph 1 From the most remote times the idea of soaring into the air, fiir above 
all terrestrial objects, by means of machines which the imagination endowed 
with properties uufortimately of impossible attainment, has never ceased to oc- 
cupy the human mind. Wbo has not heard of the attempts of Ocdalus and 
Icarus, of the projects of Boger Bacon, and of Fathers E^ara and Galen f But, 
until 1783, it had been granted to no one to realize the dream of so many ages. 
Joseph Michel Hontgolner, who was bom in 1740, at Annonay, in the depart- 
ment of the Ard^che, and who died, a member of the Academy of Sciences, in 
1810, had calculated that through the rarefaction, by means of beat, of the air 
contained in a paper balloon of a certain extent, an ascensional force might be 
^ren it snfficent for elevating men, animals, and any desired instruments. So 
much confidence had he in his theory that he did not hesitate to undertake, June 
S, 1783, a public and formal exhibition before the deputies of the provincial 
estates of vivarais, assembled at Annonay. Uontgol tier has himself described, !n 
the following terms, this first experiment, which forms an epoch in the history of 
the most important discoveries : " The aerostatic machine was constracted of 
canvas, lined with paper, and covered by a network of twine attached to the 
canvas. It was nearly of a spherical form, and of a circumference of IIO feet, 
(35".73 ;) a frame of wood, 16 feet sqnare, steadied it on its Isase, Its capacity 
was about 33,000 cubicfeet. It, therefore, displaced, supposing the mean weight 
of the air equal to -g^ of the weight of water, a mass of air equivalent to 1,980 
pounds, (969 kilograms.) 

" The weight of the gas (heated Eur) was nearly half that of the air, for it equal- 
led 990 pounds, and the machine, with the frame, weighed £00 pounds. For the 
rupture of equilibrium there remained, therefore, 490 pounds, as was found con- 
formable to the experiment. The different pieces of the balloon were fastened 
together simply by means of button-holes and bnttons. Two men sufficed to 
lift and fill it with gas, btit it required eight to retain it. When released, at a 
given signal, it mounted with an accelerated velocity, though less rapid towards 
the end of the ascension, to the height of 1,000 toises, (upwards of 6,000 feet.) 
A wind, scarcely perceptible at the surface of the earth, bore it to the distance 
of 1,300 toises from the place of departure. It remained ten minutes in the air. 
The loss of gas by the button-holes, needle punctures, and other imperfections, 
prevented auy longer suspension. The wind was, at the time, soaUierly, 
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with rain. The balloon descended bo I^htly that it broke neither the brancbes 
• nor frames of the vineyard on 4rbich it finally reated." 

The gaa employed in this experiment waa nothing bnt air dilated by heat, 
bat its nature was not stated in the report of the asconsion published in the 
jonrnols. Without waiting for further indications, the artist Robert and the 
physicist Charles, by means of a national subscription, which was readily ad- 
vanced, constructed, of lutestring coated with gum elastic, a balloon four meters 
(13.12 feet) in diameter, which they filled with hydrogen gas, procured by 
the action of diluted sulphuric acid on iron filings. This Dalloon ascended from 
the Champ de Mare, August 27, 1783, at five o'clock in the afternoon, in 
presence of an immense crowd, and heralded by salvos of cannon. It remained 
but three-quarters of an hour in the air, and fell at C^nesse, near Ecouen, five 
leagues distant from Paris. Thus waa demonstrated the possibility of making 
balloons of varnished material, nearly impermeable by hydrogen, the lightest 
of known gases, and posseesing great advantages over the heated air. Yet this 
means of obtaining very considerable ascensional force with balloons of limited 
dimensions was not immediately adopted, and sundry experiments were sue- 
cessively made with very large aerostats inflated with tur heated by a fire of 
straw mixed with a little wool. It was with such a balloon, having an oval 
form, a height of 23 meters, a diameter of 15, and a capacity of 2,056 cnbie 
meters, that Filatre de Boziers and d'Arlandea made the first aerial voyage 
which man had ventured to undertake in balloons wholly detached and uncon- 
fined. Ascending from the Chateau de la Muette, November 21, 1783, they 
traversed a distance of two leagnes at an elevation of about 1,000 meters, having, 
in their transit, hovered over Paris for 20 or 25 minutes. The let of December 
following, Charles and Robert ascended from the Tuillcries in a spherical balloon, 
made of lutestring coated with gum elastic, and having a diameter of only 8.50 
meters, which was inflated with hydrogen. After a passage of about nine 
leagues the balloon touched the earth at Neales, where Robert left the car, whQe 
Charles reaacended and reached an elevation of abcut 2,000 meters, alighting 
finally two leagues further on, after having experienced a cold of — 5^, or + 
23 Fah., when the thermometer indicated on the ground +7°, 44^ Fah. From 
this day dates the demonstration of the practical possibility of balloon voyages — 
voyages always adventurous, but which have become, at a later period, a pastime 
with persons of leisure. I shatt not speak here of the attempts which have been 
made to derive advantage from aerostats in military expeditions, nor of the na< 
merons contrivances to direct their course through the air, nor of the unfortunate 
experiment of uniting the action of fire with the employment of hydrogen, for 
which Pilatro de Roziers atoned with his life, nor of the substitution of illumi- 
nating gas for hydrogen, a substitution which renders these enterprises less 
costly, but which diminishes the ascensional force of apparatus of a determinate 
dimension. I must restrict myself to aeronautic voyages, performed with a view 
to the advancement of science. 

We must refer to ihc old Academy of Sciences if we would find an account 
of the first voyages by which science was benefited through the employment 
of balloons, in which hydrogen gaa waa used as an agent. The expeditions of 
MM. Biot and Gay Liiasac, made in 1804, were preceded by the ascensions of 
Robertson, Lhocst, and Sacharoff, which yielded some interesting results ; bnt 
not until after nearly half a century were the remarkable voyages of MM. Barral 
and Bixto undertaken, followed shortly afterwards by those of Mr. John Welsh. 

II.^BESE ARCHES TO BS MADE I^ AEROSTATIC A8CB\SI0N8. 

Those who propose to undertake aerial voyages form, in general, no idea of 
the number of questions to bo resolved, nor of the difGcnlties to be snrmonnted 
in order to furnish acicnce with certain elements of discnsBion. The instru- 
ments requisite for inveatigating, as well the temperatui« as the hydrometric 



AEfiONAOTIC TOTAGBS. 333 

eUte of the air, tbe phenomena of tfae magnetic needle, the proportions of po- 
larized light contained in the light of the atmoBpfaere, the diaphaneity, the 
color more or leaa blue of the different strata of air, &c„ do not exist at all, or 
else require important modifications before being applied to the research of the 
laws hy which the phenomena vary with the height, which is itself uot deter- 
mined with entire precision by barometrical obaarvationa. For half a century 
many learned bodies — the French Academy of Sciences, that of St. Fetcrsburghi 
the British Association for the advancement of science, the Academy of Dijon, 
&c. — ^have directed inquiry to tfae means of snpplying the defect of which I 
speak, and of fumiahing aeronauts with adequate inatrnments of inveatigatioil. 
But the problem has been by no means considered under all its aspects, and ia 
vety&r from having received a complete solution; at all events, the suggestions 
which have been derived from the voyages of Biot and Gay Lnssac, and especially 
Crom those of Barral and Bixio, sfa^ld be taken into seriona considerati«m by 
dtose whose zeal shall hereafter prompt them to encounterthe perils of such en- 
terprises, in the view, particularly, of reaching the most highly rarefied aerial 
regions, and traversing the atmosphere under its most variable conditioua. The 
principal questions on which the attention of such explorers should be fixed 
are the following: 

1. The law of the decrease of atmospheric temperature with the elevation. 

2. Influence of the solar radiation in the different regions of the atmosphere, 
deduced from observations made npon thermometers whose bulbs are coated 
with very different absorbing subatances. 

3. Determination of tfae hygrometric state of the air in the several atmos- 

Sheric strata, and comparison of the indications of the psycfarometer with the 
ew-point at veiy low temperatures. 

4. Analysis of the air from different heights. 

5. Determination of the quantity of carbonic add cont^ned in the higher 
regions of the atmosphere. 

6. Examination of the polarization of light by clouds. 

7. Observation of different optical phenomena produced by the clouda. 

8. Observation of tfae diapfaaneity, and of tfae intensity of the blue color of 
different strata of air. 

9. Observation of the declination and inclination of the mimetic needle, and 
of the intensity of magnetiem. 

10. Study of the electric state of different atmospheric strata. 

11. Experiments on the transmission and reflection of sound in different 
strata of air in a serene state of the sky, and in a sky containing clouds. 

12. Physiological observations on the effects produced by the rarefaction of 
the air, very low temperatures, extreme dryness, &:c, 

The instruments at the disposal of the voyagers should be the same as those 
which, by my own advice, and that of my illustrious colleague, M. Regnault, were 
carried by MM. BaiTal and Bixio in their expeditions, and which tbcy would 
have continued to use had they been able to make other ascenslooa, to wit : 

1. Two siphon barometers, graduated on glass, of which the aeronaut need 
observe only the upper meniscus, the poeition of the lower meniscus being given 
by B table constrncted afler direct observationa made in the laboratory. Kuch of 
these barometers should be provided with a thermometer divided in centigrade 
d^rees, so as to present a scale extending from H-35° to — SS"^. It is now 
known that the aeronaut may encounter strata of air having a temperature 
lower than that of the congeation of mercury ; hence (he ordinary barometer 
will not answer, and an instrument should therefore be furnished, founded 
on the pressure exerted by the atmosphere on an elastic spring, and tested at 
very low temperatures under feeble pressures obtained by the pncumLLtic machine. 

2. A vertical thermometer, of arbitrary graduation, the cylindrical reservoir 
of which is placed in the axis of several concentnc envelopes of bright tin, open 
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at th^ basee to odnut the circulation of ui. This arrutgement haA beea deriaed 
ID order to obtain, at leaat approxiniately, the temperature which a thennomelflr 
iroold indicate in the ahade. 

3. Three thermomcterB, baring orbitrar; ecalea, attached to a metallic plate 6 
cendmetera apart. The reservoir of the firet of theae themtometerB ehonld have 
a vitreona eurface ; the enriace of the second should be coated with lamp- 
black ; and the reservoir of the third shootd be covered with a cylinder of 
polished silver, which most also envelop a portion of the stem. The reserroirs 
flhontd be narrow flinders, much dongated. Immediately below the reaervoiiB 
the metallic plate ahonld support another plat« brightly coated with silver. The 
plate bearing these tbermometera shonld he arranged b»i»)utally on one of Hie 
Bides of the car, with a view to its remuulng constantly exposed to the solar 
radiation. 

4. A psychrometer foimed by two therm|f%rs of an arbitraiy wale, 
fi. One of Regnaolt's condensing hygTometent. 

6. Tubes of caustic potash, and also of pumice, wet with sulphuric add, tot 
the determination of the carbonic acid of the air. The air should be drawn in 
by means of a pump of the capacity of one litre (1.760 pint) accurately gauged. 

7. Two tialloona of one litre capacity, furnished with atop-cocks of ateel, for 
collecting the air of the higher regions. These balloons, enclosed in tin boxes, 
should be acrUpuIonsly exhausted of air before the ascent 

8. A minimum thermometer of M. Walferdin, which should be enclosed in a 
tin cylinder, pierced with holes. It is beat that tlus instrument should be placed 
under seal, as was done by MSI. Barral and Bizio, aince the control of the per- 
sonal observations by means of a mute inatrument imparts considerable valne 
when they come to be verified, and affords a triumphant reply to objectioDB 
which, through a natural tendencT of the human mind, always oppose tbemselvea 
to resnlta which cannot be immediately verified by new experiments made under 
the same conditions. In the event, moreover, of the ascension of the ballooo to 
heights where die temperature falls below— 40°, the point of cnngeUlion for 
mercury, it will be necessary to have thermometers of alcohol or solphnret of 
carbon, graduated below that point of the tbermometrie scale, so that the obser- 
vations may not be interrupted by a circumstance which has ceased to be con- 
sidered as of impossible occurrence. 

9. It is from the cousidcratinns juet stated, that I would recommend also the 
use of the apparatus devised by H. Begnault, and intended to indicate the 
minimum of barometric pressure, and consequently the moximtmi of elevation to 
which the balloon has attained. This apparatus should be enclosed in a tin case* 
pierced with numerous small openings. The lid of this case should ba secured 
with a seal like the minimum thermometer. 

10. PolarieGopic telescopes, such as I have described, Attrtmomie populaire, 
ii, p. lot. 

11. Inatruments for showing the declinotjon, inclination, and intensity of 
maguetiam, suspended in such a manner as not to be affected by the movemeota 
of rotation of the balloon in its ascent, as has been observed by HM. Biot, Gay 
Lnsaac, Barral, and Bixio. 

13. Electrometers so constructed as to be capable of indicating at once the 
kind and the intensity of the electricity of different atmoapheric atrata. 

It is scarcely probable that in an ascension, observers will be able to emhiaos 
ot one time eo many subjects of study, or use succeasively and opportunely eo 
many instruments. The aeronaut should, on each occasion, limit himself to a 
small number of important inquiries. It is only in a series of aeronautic expe- 
ditions that a collection of records con be made corresponding to the great number 
of questions which the constitution of the terrestnal atmosphere piesaUa fitr 

"'■"^ L.,.„„Googlc 
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It ii impoBsible to frame a pFogramme which will embrace all the points 
wmthy of examination; we are conatrained to admit that the anforeeeen will 
always ptay a principal part in aeronautic expeditions. We know little at 

E resent of the couetitntion of clouds, of the phenomena of re&igeration produced 
y their evaporation, of the mixture of strata of air difierenUy saturated with 
humidity ana derived from very different sources, of the action of electricity 
which troversea great aerial spaces, &c. In every case it is desirable that, during 
the progress of aerial voyages, there shonld be made, at least from hour to hour, 
in the principal terreitrul observatorieB, observationa analogous to those which 
the aeronauts propose to undertake. This was advised in 1841 by a committee 
of the British Association, in a report relative to the advantages which science 
might derive from aeroatatic ascensions, a report signed by Brewster, Herscbel, 
Luobock, Robinson, Sabine, Whewell, and Miller, and the advice was observed 
by UM. Barral and Bizio. who were thus enabled to connect the phenomena 
noticed in the higher regions of the air with those which occurred at tha stuns 
time on the surface of Europe. 

Barometric observations in coiroexioD with those of temperatuie yield, by 
means of ■ formula which we owe to the eenius of Laplace, the measure of tlie 
elevation to which balloons ascend above the level of the sea. This formula has 
been reduced into the usual tables which are found in the Aimvaire du bureau 
du loHgiludei. The consideration a on which the illustrious geometer founded 
his analysis led bim to employ in hi^ admirable formula a coefficient whose 
determination Bamond had arrived at, by comparing a K^eat number of the 
measorements of the licight of mountains taken with the oarometer with their 
trigonometric meaaurements. Now, as Ramond operated chiefly under the par- 
allel of 45°, and upon mountains whose elevation scarcely reached 3,000 meters, 
there is nothing to provu that the undetermined coefficient of Laplace's formula 
is susceptible of being applied to the measurement or much more considerable 
heights, and made ia otlter latitudes. It would not be superfluous to measure 
directly, by observationa mode from several astronomical stations situated at 
known diatances, the heights to which aeronauts attain, and to compare the 
results obtained with the barometric determinations. No doubt these operations 
will present numeroua difficulties, and may be not unfrcquently tried without 
success, because the balloons may disappear in the clouds or bo carried in 
directions which will not permit the terrestrial telescopes to follow them with 
any advantage. But the problem to which I here call attention merits by its 
importaoce the sacrifices which may be encountered in givbg it a satisfactory 
BotntioD. 

III. — AERONAUTIC VOYAQBS OF LHOEST, ROBERTSON, AND SACHAROPF. 



The first aeronautic voyage to which science was indebted for some useful 
indications was that performed at Hamburg, July 18, 1803, by the physicist, 
Robertson, accompanied by his countryman, Lhoest. They remained auaueoded 
in the air five hours and a half, and descended at llanover, twenty-five leagues 
distant from the place of departure. 

At the moment of tbo asceniiion the barometer on the earth atood at 28 inches, 
and the thermometer at+ 16° Reaumur ; at the great«dt height to which they 
attained tlic barometer showed 12.4 inches, and the thermometer — S°.5 Reaumur. 
These observations, reduced to metric and centigrade meaauremeuta, give 758 
millimeters for the barometric height, and-f-20° tor the temperature at atarting ; 
336 millimeters and— 6° .9 at the highest point reached. Hence, according to 
the formula of Laplace, we deduce 6,831 meters as the maximum height to 
which the balloon ascended. 

The two aeronanta thought that at that height they observed the oacillations 
of the magnetic needle to be much leas rapid than at the surface of the earth, 
and that conaeqaontly the magnetic mtensity diminishes rapidly as the elevation 



336 AEBOSAUTIC TOTAQES. 

in the atmoephere increaeea. They also reported tbnt they had experienced 
much physical sufferiDg, and observed physiolagical phenomena, ench ae the 
HWelliog of the lipa and veins, the bleeding of the eyes, Sus., which have not 
been uniformly verified in snbsequent expeditions. 

However this might be, the Academy of Sciences of St. Peterebnrgh deter* 
mined on a repetition of the experiment to be made by Robertson himself, aesieted 
by Sacharoff. one of its own members, diHtiiignished both as a phyeieist and 
chemiHt. This second expedition took place June 30, 1804. The aeroaaaU 
ascended from St. Pcterebui^h at 7 hours 4S minutes p. m., and descended at 
10 houra 45 roinnles, near Sivoritz, at a distance of about 20 leagues. At the 
moment of departure the barometer stood at 30 inches, and the thermometer at 
19° Reaumur; at the greatest elevation the two instmmenta indicated respect- 
ively as inches and 4°, 6 Reaumur. We conclude from these observalions that 
the barometric pressure and ibc temperature were, at the point of departure, 812.1 
millttnetere, and-l-23°.7; at the greatest elevation, 590..") millimeters and+5°.6; 
and from this it results that the Lighest point reached was 2,703 meters. UM. 
Robertson and Sacharoff were not able to muke regular magnetic obaerrations, 
bnt they felt authorized to affirm that the needle of declination Lad ceased to 
be horizontal, and that its north pole was eluvatc^d about 10 degrees, its sonth 
pole having an inclinatiou of the same amount towards the earth. 

IV. VOYAGES OF BIOT AND QAY LliSSAC. 

Saussure, after a scries of observations made on the Col du Gennt at a beigkt 
of 3,435 meters, conceived it to bo ascertained that at that height the magnetic 
intensity undergoes a sensible diminution, which he cstiraated at about one-fif^h. 
This result appeared to be verified by the aeronautic voyages of Robertson, 
Lhoest, .and Sacharoff, just spoken of. Dot the proofs of the fact were not 
given in a sufficiently decipivc manner to secure it a definitive reception into 
science, and the question appeared important enough to the principal members 
of the Institute, Laplaco, lii'rtbollet. Chaptal, to justify a special ezperimeat. 
This was intrusted to MM. Biot and Gay Luasac, who aticended from the garden 
of the ConserBatoire det arU ct mfliers, August 24, 1804, provided with all the 
necessary instrumcuta. The small dimenaions of the balloou did not allow the 
two aeronauts to reach the height of more than 4,000 metei's, and at that eleva- 
tion the temperature, which had been + 17''.5 on the earth, had only sunk to 
+ 10°. 6. Leaving at 10 o'clock in the forenoon, they desceudod, about half 
after one, 18 leagues from Paris, in the department of Loiret. Taking advantage 
of the moments when the movement of rotation of the balloon iu one direc- 
tion stopped, being about to be resumed iu the opposite direction, the learned 
pbysieifta were able to determine the duration of five oscillations of ihc magnetic 
needle in different ocrinl strata, and they obtained the following results : 

Heights. Duration o(b oBciUations. 

meters 35.25 seconds. 

S,862 " 35 

2,897 " 35 " 

3,038 " 35 " 

3,589 " 34 " 

3,CC5 " 35.6 " 

3,742 " 35 

3,845 " 36 

3,977 " 35 

Thus the observations agree in giving 35 seconds for the duration of fire 
oscillations, or at least tlic observed differences ore too small to allow of any 
conclusion being drawn from them. CiOO»J Ic 
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Uader them circunuUneea it wa8 evident that n uew aBceneion ought to be 
nndertaken. Thia time Gay Ludnae oAcended alone. He row from the garden 
of the Conservatory, September JK, 1804, at 9 bonre 40 minutes in the morning. 
He alighted at 3 boors 45 minatea, between Rouen and Dieppe, 40 leagues from 
Paris, near the village of Saint Goui^n. 

The distinguished savant had furnished his aerostat with long cords, designed 
to moderate its movement of rotation, and he conld consequently count more 
east!/ the oacillationB of the magnetic needle; he obtained the following results: 
HeifffaCe. Duration of 10 osciUationt. 

meters >-. 4-i.l6 seconds. 

3,371 " 41.6 

3,867 ■' 42.0 

4,561 •' 42.6 

4,294 " 41.8 

4,367 " 43.0 

4,765 " 42.2 

4,848 " 42.8 

5,277 " 42.2 '■ 

6,671 ■' 42.5 

6,146 " 42.0 " 

6.182 " 41.0 " 

6,923 " 41.7 ■' 

' From these observations, which do not present sufficiently appreciable dif- 
ferences. Gay LuBsac drew the conclusion that the magnetic force does not 
undergo seneible variations up to the greatest heights which we can attain. In 
regard to this he thus expresses himself: *'The consequence which we have 
drawn from our experiments may seem a little too precipitate to those who 
remember thai we have not been able to make observations on the inclination 
of the magnetic needle. But when it is remarked that the force which causes 
a horiiontal needle to oscillate is necessarily dependent on the intensity and 
direction of the magnetic force itself, and that it is represettted by the cosine 
of the angle- of inclination of thia last force, the conclasion whi(^h we have 
arrived at cannot fail to be drawn, that, since the horizontal force has not 
varied, the total force caiuot have varied, unless one chooses to suppose 
that the magnetic fbrce may vary precisely in an opposite direction, and with« 
the same relation to the cosine of its inclination, which ia not at alt probable. 
We have, moreover, in support of our conclusion, the experiment of the incli- 
nation which was made at the height of 3,902 meters, and which proves that 
at that elevation the inclination did not vary in a perceptible degree." This 
conclusion was logical at an epoch when it was not generally known that at a , 
^veu place and under ^ven circnmatances the duration of the oscillations of a 
magnetic needle is inflnenced by its temperature. Now, the depression of the 
thermometer of Gay Lussac Kad been sufficiently copsiderable to produce 
noticeable changes in the magnetic needle. We see that, in the imperfect state 
of the instruments and the science in 1804, it waa impossible to arrive at an 
exact solution of the problem which the Institute had in view. Even at 
present this problem is atill nnaolved. 

The principal result of the aeronautic voyage of Gay Lussac relates to the 
eooatant composition of the atmoapberic air to a height of 7,000 metres. The 
Ulnstrions physicist had the good fortone to bring the first ali from those high 
r^ions, and to give an analysb of it, whose accuracy has been uniformly veri- 
fied by new experiments conducted with the Improved processes which science 
, baa duoorered during half a century. 

Another fact, no less important, is the vride difference which Gay Lnssao 
found between the temperatures below tod at the great height to which be 
22 S 
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ascended. At the moment of his departure the barometer registered 765.25 
millimeters, and the thermometer +27°.75; at the greatest elevation these 
iDBtruments gave 32S.8 millimeters for the pressure, and —9°. 5 for the tern- 
perature. It results that Guy Lnssac rose to the height of 7,016 meters above 
the mean Ic^ve! of the sea, and that fae found himself exposed to temperatnres 
differing by 37°. 

I ehall not speak of the hygrometrical observations, because it only results 
from them, as from the greater part of those which have been made to this day, 
that the dryness of the air becomes very considerable in high regions of the 
atmosphere. Hair hygrometers are instruments whose indica ions are so little 
comparable with one another that it is impossible to deduce precise codcIq- 
sions from them. 

Gay Lussac has reduced to their just value the recitals of physical sufferings 
which are supposed to be felt in very elevated strata of ur; he expresses him- 
self on this subject with perapicnity and simplicity: "Arrived at the highest 
point of my asceneioD, 7,016 meters above the mean level of the sea, my respi- 
ration was sensibly embarrassed ; but I was still very far from experiencing a 
degree of inconvenience which could induce me to descend. Hy pulse and 
respiration were much accelerated ; and, breathing thus rapidly in an air of 
extreme diyness, I could not be surprised at baving the throat so dry that it 
was painful for me to swallow bread." 

It is thus seen that the ascensions of Biot and Gay Lnssac are the first 
which have been made with marked success as regards the solution of scientific 
questions. 

V.~-.V0YA<IK8 OF BARRAL AND BIXIO. 

MM. Barral and Bixlo made two aeronautic voyages, by the last of which, 
especially, science was enriched with unforeseen results of great importance. 

In reporting to the Academy of Sciences an account of the first eicnrsion of 
these intrepid physicists, I expresst'd myself in nearly the following tenna : 
" MM. Barral and Bisio had conceived the idea of ascending to a great height 
in order to study, with the improved scientific instrumeuta of the present day, 
a multitude of atmospheric phenomena still imperfectly known. . It was pro- 

Eosed to determine the lawof the decrease of temperature with the height; the 
iw of the diminution of humidity ; to ascertain whether the chemical compofii- 
tion of the atmosphere is the same throughout ; the portion of carbonic acid at 
different elevations ; to compare the calorific effects of the solar rays in the 
highest regions of the atmosphere with these same eff'ecta observed on the sur- 
face of the earth ; to determine whether there arrives at a given point the nune 
nnmber o( calorific rays from ail points of space; whether the I'ght reflected 
and transmitted by clouds is or is not polarized, &c. 

The instruments necessary for so interesting an expedition had been pre- 
pared with great care and precision hy ii. R^^ult. Never lias the love of 
science been manifested with more disiutcresteduess. M. Walferdin furnished 
several of his ingenious thermometers. The explorers were, besides, provided 
with barometers very accurately graduated, for determining the height at which 
the difierent observations were made. 

The aeronauts had intrusted the preparation of the balloon to M. Dupnis 
Delconrt, who had distingubhed himself by twenty-eight aerial voyages. All 
the arrangements were made in the garden of the Observatory of Paris. The 
ascension took place Saturday, Juno 29, 1850, at 10 hours 27 minutes in the 
morning, the balloon having been filled with pure hydrogen gas procured by 
the action of chlorhydric acid on iron. 

According to all previous calculation, the explorers might now have expected 
to rise to the height of 10,000 or 12,000 meters, supposing the upper BttKtft of 
the atmosphere to correspond with received theoretical ideas. 
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At the moment of departare, however, it might easil7 be eeen tliat io several 
respects the aerostatic apparatus was imperfect. The balloon, in consequence 
of the prevalence of high viuds, had been torn at many points, and mended 
with too great haste t the rain fell in torrents. What was to be done? It had 
been most pmdent, perhaps, not to ascend, bat the aeronauts rejected the idea. 
They placed themselves in the car, and boldly launched into the air, without 
eren Uiking the precaution, so violent was the wind, of determining with a 
balance the ascensional force of the aerostat. Their ascent was extremely 
rapid ; the spectators compared it to that of an arrow ; they very soon disap- 
peared in the clouds, and it was above the curtain ^hich thns shrouded them 
from the view of man that the stirring scenes took place which remain to be 
described. 

The dilated balloon pressed with great force on the meshes of the netting, 
which was much loo small. It expanded from above downwards ; descended 
OD the aeronauts, whose car was suspended by cords which were too short, and 
eovered them in some sort like a hood. At this time the adventurers found 
themselves in a situation of the greatest difficnltj ; one of them, in his efforts to 
disengage the cord of the valve, caused an opening in the inferior prolongation 
of the balloon ; the hydrogen gas, which escaped nearly on a level with their 
beads, almost suffocated- them, and caused excessive vomitings and momentary 
syncope. 

Consulting the barometer, they found that they were descending rapidly, 
and, in seeking to ascertain the cause of this unexpected movement, they dis- 
covered that the balloon was torn in the region of its equator to the extent of 
nearly 2 meters. They now perceived, but with a compoBure whicb merita 
admiration, that all they could hope was to escape with life. It ie no little 
to Bay that the velocity of their descent was much greater than that of their 
aucent. They discharged all their remaining ballast, threw overboard even the 
coverings which had been provided against the cold, including their furred 
boots, but parted with none of the instruments of research. 

They fell, at 11 hours 14 minutes, in a vineyard, the ground of which was for- 
tonately soft, in the commune of Dampmart. near Lagny, The laborers and 
Tine-dressers ran to their help, and found the tw{> aeronauts clinging by the 
feet and hands to the stems of the vines, in order to counteract as far as possi- 
ble the horizontal movement of the car. The most earnest assistance was 
rendered them. 

From a voyage performed under such conditions it is evident that science 
contd derive but a very small amount of information in comparisou with what 
might have been expected ; yet it is our dnty to say that our two physiciata 
eebbtighed, by decisive experiments, that the light of clouds is not polarized , 
that the bed of clouds which they traversed was at least 3,000 meters in thick- 
ness, and that, notwithstanding the existence of this curtain between the earth 
and sky, the decrease of temperature was very nearly the same with that 
verified by Gay Lussac in his celebrated voyage performed in a perfectly 
cloudless sky. ' From the barometrical observations compared with those made 
at the Observatory of Paris, it is deducible that, in the region where the 
balloon was torn, the height atttuned was 5,900 meters, and from a similar 
computation that the upper surface of the cloud passed through was at the 
height of 4,209 meters. 

The following numbers complete the det^s which I laid before the Academy: 
At the moment oV departure the barometer of the Observatory, reduced to zero, 
marked 753 millimeters, and the exterior thermometer 30°. 3 ; the direction of 
the wind was west-southwest, and tho sky was completely covered. At 10 hours 
29 minutes the voyagers penetrated into a cloud having the appearance of a 
dense mist, which deprivM tbem of the sight of the earth. At 10 hours 47 
minutes the barometer of the car, reduced to zero, marked 458.3 miUimeters, and 
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the thermoiaeteT +7°; at the aame iuatant the barometer of the Observatoiy 
iadicated a preetmre of 753.17 millimeters, and the thennoineter+ 19°.4, Theee 
numbers give, by calcnlation, the height of 4,242 metres above the mean level 
of the sea, and correspond with the moment at which the balloon emerged from 
the upper part of the clonda. The bed of clouds now below the observers pre- 
sented the appearance of mamillary swellings, silver white in color, the light 
from which, examined with the polariscopic telescope, yielded tio trace of polari- 
seatiou. Except a few clonds, which here and there rose high above the baUoon, 
the sky was of a pale and dull blue. At 10 hours 59 minutes the barometer of 
the car indicated 373.4 milliipetera, and the thermometer had sjink below zero. 
M. Barral was unable to make out the exact thermometric degree ou account of ' 
a layer of hoar-frost deposited on the instrument, which he conld not remove. 
The barometer was at this time in a state of OBcillation, the mean height of its 
changes being represented hy the number just mentioned- '^^^ balloon, which, 
notwithstanding the precise directions given, had been so constructed as not 
to leave sufficient room for the development incident to the natural diUtatioa 
of the hydrogen,* had now sunk down upon the ezcnrsionists ; tho valve pro- 
vided for the escape of the gas was closed ; a rent had taken place in the upper 
part of the balloon, and Mil. Barral and Bixio fell to the earth after having 
traversed 6,800 meters in from four to five minutes. 

They immediately commenced preparations for a new ascent, which took 

n' so a month after that of which an account has been given. They rose, as 
}re, from the garden of the Observatory; and I was a witness of this, aa I 
had been of their former ascension. I had taken part in all the deliberationa 
which regarded the scientific purposes of the voyage. If the first one had heea 
rendered, by unfavorablecircumstances, almost entirely barren of results, beyond 
giving proof of the intrepidity of the two distinguishea explorers, and initiatioe 
Uiem in the dangers of an ascent through an atmosphere agitated by winds anl 
turbid with thick clouds, it would be si&cient to read the journal of the second 
voyage to comprehend how fertile it was both in novelty and interest. Tho 
Academy of Sciences having judged it desiiable that such a statement should 
be prepared as would enable those least familiar with these matters to appre- 
ciate uie importance of the contribution made by MM. Barral and Bizio to 
meteorology, I yielded to the wishes of that learned body, and shall here 
reproduce, in nearly identical terms, the account of the voyage which I thea 
Buhmitted : 

" The two scientific explorer^ having properly resolved to renew their enter- 
prise under more favorable circumstances, and being no longer under a neces- 
sity of evincing their conrage or punctuality, could afford to await patiently 
the day and the moment. M. Begnault took charefi, with M. Barral, of the 
preparations, which is equivalent lo saying that the utmost ingenuity and 
exactness presided over the construction and disposal of the instruments. No 
one, however, but an eye-witness, can appreciate the indefatieable iseal and 
devotednesB which my mstinguished colleague exerted day and night in this 
behalf. 

" Everything was ready on Friday, July 26, 1850, but the weather was 
• adverse. Saturday morning, the atmosphere having cleared up, the filling of 
the balloon was begun. Ihe operation was t«dious, and by the time it was 
finished, towards one or two o'clock, the sky was overclouded, and a deluge 
of nun was falling. The rain finally ceased, but the sky remained entirely 
overcast; it would have been only natural, under these circnmstaucee. ta 

* Tbe diffieoltj of nuDaging the balloon before its uceat wu the reaaon why the length 
ofdMcaidsBttBcUnfc tbecarwM reduced. The wind was so violant that ISO soldiers could 
parcel; ke^ the balloon &om b^iy carried awaj. 
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renonnca the propoaed ascenBioii. I made, in the presence of the two aeronanta, 
the observation that it might be rery useful to know the decrease of the atmoB- 
pberic temperature with the height when a continnoas screen of clouds shnta 
trom uB the view of the akj.* Now it sometimes happens that the sky 
becomes clear of a sudden ; in this case there must remain in the atmosphere 
traces more or less marked of the abnormal decrease of temperature of which 
the presence of the cloud had been the cause. The observatioas mado in 
aerostatic ascensions, performed during clear weather, are not completely 
applicable to this special case. Besides, there are numerous occasions when 
we observe throngh opeoingd in the clouds. When MM. Barral and Bizio 
arrived at the conclusion, from these considerations and others which it wonld 
be fluperfiaouB to mention, that their voyage might prove useful, they placed 
themselves in the car and launched into the air. 

•■ All the details of this ascension are acrupnlously ^ven in the journal 
written at the time by the aeronauts, and the calculations were compared by 
M. Begnault with the indications of the sealed instrumenta carried in the expe- 
dition. I shall only advert here to the fact that at their greatest elevation our 
explorers experienced no uneasiness or embarrassment in their respiration ; and 
that M. Bisio, who had suffered in his first voyage from acute pain in the ears, 
raarded against that annoyance by simply counterfeiting from time to time 
Uie act of deglutition, by which the air within and without the organ was 
maintained in a state of equal pressure. It may he added, that they encoun- 
tered a mass of cloud of more than 5,000 meters in thickness, that they did not 
succeed in rising entirely above it, bnt at the height of about 7,000 meters 
(22,960 feet) were forced to commence an inrolnntary descent, the effect of a 
rent ia the lower part of the balloon. They might, perhafis, by throwing out 
the last of their ballast, have prolonged their stay at the height which they 
had reached, but circumstances no longer permitting them to gather neeful indi- 
cations for science, they thought best not to etru^le ngainst the downward 
tendency of the apparatus. 

" Let US speak now of the observations which they had an opportunity of 
making. When they had attained their highest station in the immense bed of 
cloud, ab opening took place in tho vaporous mass which surrounded them, 
through which the blue sky was apparent. The polariscope, directed towards 
this region, showed an intense polanzation; on the contrary, there was none at 
all, when the inetruqient was pointed aside beyond the opening. This should 
not be regarded as a repetition of the experiment made in the first voyage, for 
then they observed the light reflected by the clouds, while now it was in^the 
transmitted light that they verified the absence of all polarization. . 

"An interesting optical phenomenon was exhibited during this ascension. 
Before attaining the highest limit, the bed of cloud which enveloped the bal- 
loon, having diminished in thickness or become less dease, the sun appeared 
weak and quite white ; at the same time there appeared, below the faoriEontal 
plane of the car, at an angular distance from that plane equal to the angle 
Armed by the sun's height, a second sun similar to one which might have been 
reflected from a sheet of water situated at that elevation. It is natnral to sup- 
pose, with our aeronauts, that the second sun was formed by the reflection of 
the luminous rays on the horizontal faces of crystals of ice floating in that 
vaporous atmosphere. 

"We now come to the most striking and wholly unexpected result furnished 
by the thermometrical observations. Gay Lussac, in his ascension in clear or 
nther slightly vaporous weather, had found a temperature of 9°.5 below zero 



* Tbe refractions at moderate height* depend on the law acoording to whkh this 
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at tho height of 7,016 meters. This was the minimam he ohserved. MU. 
Barral and Bixio encountered this eame temperature in the clond at the height 
of about 6,000 meters; but from this point, through an extent of some 600 
meters, the temperature varied in a manner the moat extraordinary, and beyond 
all anticipation. Lest the number wbich results from the observationB should 
Btriko the reader with a feeling of incredulity, it is proper to say that proof 
of ita GxactDcas will be promptly submitted. At the height of 7,049 meters, 
at some distance from tbe upper limit of tbe cloud, MM. Barral and Bixio 
saw tbe centigrade thermometer descend to 39 degrees below zero. It is 30 
degrees lower than the number observed by Gay Lussac at about the same 
height, but when the weather was clear. 

"I hasten to prove that this surprising reBultisaffectedby no error of observa- 
tion. The barometer for determining the height was of course famished with 
a thermometer intended to give tbe temperature of the mercury. Tins ther- 
mometer had been graduated to 37 degrees below zero. It was thought that 
these 37 degrees ought to sn£ce for the greatest heights to wbich it was sup- 
posed explorers could ascend. But the mercury had descended below this 37th 
degree, though it had not shrunk entirely within the reservoir. By an eatititate 
which could hardly be inexact when made by such a physicist as M. Kegnaidt, 
the mercury had descended 2 degrees below 37. Tbe tliermomet«r of the ba- 
rometer marked, therefore, 39 degrees. 

"M. Walferdin has invented very ingenious Self-registering tiiermometers, 
wbich give the maxima and minima of temperature to which they have been 
exposed. Tbe one for maxima is frequently used; it is desirable that tbe 
second, winch is less known, should be generally adopted by physicists. It 
is capable of being of great service to meteorolgy. The inventor bad sent 
one of bis thermometers d niiniTna with arbitrary divisions to our aerooaats, 
and this was enclosed in a case with numeroos holes to permit the circula- 
tion of air. At the request of the two aeronauts, n seal was applied, and this 
seal, wbich arrived untouched, was broken at the College of France in the 
presence of MM. Regnault and Walferdin. Garefid examination proved that 
the minimum thermometer had sunk to — 39°.7. After these precise obser- 
vations it is scarcely necessary to say that the proof of on extraordinary depres- 
sion of temperature is to be found in the impossibility wbich the aeronants 
experienced of reading tbe indications of several thermometers, the fluid of 
which bad sunk as low as the stopper of cork which supported them. Every 
attempt to remove this obstmction was frustrated by the stiffening of the fingcra 
with cold. This ncariy instantaueous depression of the temperature in tbe 
cloddy mass is a discovery which interests meteorology in tlio highest d^ree. 
What is the apeciol constitution of a cloud wbich qualifies it, whether by radia- 
tion into space or from whatever other cause, to exhibV so prodigious a refrige- 
ration} It is a question wbich at this moment wo can do no more than pro- 
found. Can this abnormal constitution play a part in the formation of hail T 
s it, perchance, the cause of the considerable changes of temperature which 
are suddenly experienced at a given place t The solution of these questions 
is reserved for the future, which does not, however, at all diminish the import- 
ance of tbe observation. 

" In the journal of the voyage the temperatures observed were rendered by 
thermometers having an arbitrary graduation ; tbe aeronauts did not know what 
the numbers signified which they read and registered; the real temperatures 
were afterwards determined by M. Regnault, and the heights calculated by M. 
Matbieu. We.may thus rely with perfect confidence on the results. From 
thoBc wo deduce that the height attained was 7,049 meters, taking into account 
the diminution of weight at those great elevations and the influence of the hour 
of the day on the' barometric measurement of heights; this is 33 meters l^tgher 
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than Gay Lnesac had ascended. It is proper to obaervt) that the fgrmalaB used 
Id calculating heights proceed upon the hypotheiiis of a oearly nuitbrm decrease 
of temperature, and that, in this instance, a change of elevation which may be 
estimal«d at 600 meters, was attended by a variation of temperature of about 
30 degrees, while, in an nuclouded atmosphere, the variation would have been 
but from 4 to 5 degrees. 

" The important discovery made in this aeronautic voyage showe what Ecience 
may expect from like expedltioos when they shall be. confided, as at that ti^ie, 
to intrepid, careful, exact, and candid observers." 

The following is an extract from the jonraal kept by the two accompIlBhed 
physicistB daring the voyage : 

"The graduated instruments which we carried with us had been constructed 
by M. Fastr^, under the direction of M. Regnault. The tables of graduation 
had been prepared in the laboratory of the College of France, and were known 
only to the lost mentioned-savant. 

"The balloon is the same which served for oar first ascension ; it is formed 



of two hemispheres of a radius of 4.S millimeter, separated by a cylinder 3.8 
millimeter in height, having for its base a great circle of the sphere. The total 
volume of the balloon is 729 cubic meters. A lower orifice, intended to give 
iKSue to the gas dniing its dilatation, is terminated by a cylindrical appendage of 
ailk, 7 meters long, which is left open to permit the free escape of the gas dur- 
ing the period of ascent. The car is suspended at about 4 meters btilow the 
otuco of the appendage, so that the balloon may float at the distance of 11 
meters from the car, and in no reapect interfere with the observations. The 
instnimcuts are fixed around a large cast-iron ring which is attached to the 
usnal wooden circle for securing the cords, of the car, and is of such a form 
that the iustraments may be within convenient distance of the observers. 

"It was our intention to set out at about 10 o'clock a. m., and measures had 
been taken for commencing the inflation of the balloon, &q operation with which 
MM. Veron and Fontaine were charged, at 6 o'clock. Unfortunately, circum- 
stances beyond our control, and arising from the neceSEity of thoroaghly wash- 
ing the gas in order to guard against ita action upon the tissue of the balloon, 
occasioned delay, and it was 1 o'clock before the arrangements were completed. 
The sky, which had been qnite clear till noon, became covered with clouds, 
and soon a deluge of rain was falling upon Paris. This continued until 3 o'clock. 
The day was then too for advanced, and the condition of the atmosphere too 
unfavorable, for us to hopo that we' could carry out the programme we had pro- 
posed. But the aerostat was ready, great expeoKe had been incurred, ana it 
was possible that observations in this troubled state of the atmosphere might 
lead to useful results. We decided, therefore, to ascend. Our departure took 
place at 4 o'clock. Sotfie difficolty was occasioned by the narrowness of the 
apace which the garden of the observatory afibrded for the evolution of ascent. 
The balloon, as has been seen, was at a considerable distance from the car, and, 
swept forward by the wind, got the start of the frail skiff in which we were 
embarked, so that it was only through a series of oscillations, sufficiently 
divergent on either side from a vertical line, that we attained a state of tranquil 
suspension from the aerostat. We came in contact with trees and a pole, by 
which one of the barometers and the thermometer with a blackened surt'ace 
were broken, and these were left behind. We shall here transcribe the notes 
taken during our ascension. 

" 4" 3". Departure. — ^The balloon ascends at first slowly, taking a direction 
towards the cast. The movement of aaceusion becomes more rapid after ihe 
discharge of some kilograms of ballast. The sky is completely covered with 
clouds, and we presently find oniselves in a light mist. 
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"Abnre ni there extends mo nDhrterrapted bed of elosda ; below we perceive 
here mnd there detached clonde which appear to float over Paris. The wind ia 
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" The clond which we enter preseDtB the appearance of aa ordinaiy dense 
;. The earth is no longer diecemible. 
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"A few solar rays become perceptible throa|^ the doads. 

" The barometer oscillates from 366.99 milUmetera to 386.48 roiUimeters ; the 
thermometer marks — 9°.0; calculation gires from fi,911 to 5,492 as the h«ght 
reached at this point of time. 

" The balloon is enttrel7 inflated. The appendage, compreesed till now by 
the external atmosphere, is at present distended, and the gas escapes hy its 
lower orifice nnder the form of a whitish trail ; we perceive its odor very dis- 
tinctly. We discover in the balloon, at the distance of about 1.5 millimeter from 
the insertion of the appendage, a rent, which affords issue to a greater amonnt of 
gas, withoat diminiaiiuig, however, in any important degree, the ascensional 
force of the aerostat. 

"An opening in tho cloud enables us vaguely to perceive the position of the 
sun. 

"The ballooD resumes its ascendant movement aAn a new diecha^ of 
balkflt. 

••4>> 25". — OscillationB of the barometer between 347.75 miUimeters and 
367.04 millimeters indicate a new station of the balloon ; the thermometer variea 

* All the barometric beij^bts laksn bave been reduced to the lemperatnie of 0° bj cdcola- 
tlon. B7 tneans of the barometric and Iherniometric obsBrralioru, made at the oMrvatoiT' 
and [a the car, the h^gbls of nineteen stations above the obaervatory and above tbe aea wen 
calcnlatad, increasiog tbem by 65 melon. Bat the three heights, 6,513, 7,049, aod G,T65 
meUn, where tbe temperature bad sonk to — 35°, — 38°, and — 3U°, were abtained hy ca)- 
cnlaiing, oot from the obaervaturj, bnt from the intenDedtate station of 5,909 meten, irhen 
the lempecBlorB was — 9^.8, and thbprcMiireSGf.M millimeterB. There reealtsT,0U4 for tbe 
bltihe*t station. But it UBlillnecessarjtoaddacorrectiDn of ]^metera,dne to the height (5,90^ 
Dielen) of the inferior slalioo of comparison, and 33 meters on account of the influence of the 
boar of tb« day, 1 ' — '' ■—' >—»•"- . . . - 



It jowly ramarked by M. Bravais, which makes in al^O^ (^^ms- 



AEBCWAUnC TOrASES. 345 

from —10°^ to — 9° .8; tbe beight ws hare raaehed varies from 6,330 to 6.902 
meters. 

" The fog, mocfa leia draao, penrntt our letitig a white and feeble image ot 
the Ban. 

"A renewed discbarge of ballast occaeions a new asceosion of the ballooiif 
which attains a new stationair position, indicated by renewed oecillatioBB of the 
barometer. We are covered with small particles of ice, in the shape of ex- 
tremely fine needles, which accamnlate in the folds of our clothing. While the 
barometric oscillation is descending, and the movement of the balloon is conse- 
qnently ascensional, these particles fall npon onr open note-book in such quan- 
tity a^ to produce a sort of crepitation. Nothing similar is observed while the 
barometer is rising and the balloon, of conrse, descending. 

"The horizontal glass thermometer indicates — 4'',69; the silver-plated ther- 



" We distinctly see the disc of the snn throngh the frozen mist ; bnt at the 
same time, in the same vertical plane, we perceive a second image of the sun, 
almost as intense as the former. The two images appear symmetrically die- 
posed above and below the horizontal plane of the car, each making with this 
plane an angle of about thirty degrees. This phenomenon is apparent for more 
than tea minutes. 

"The temperature lowers rapidly. We prepare to make a complete series 
of ohserrationa on the thermometers of radiation and those of the psychronieter, 
but the mercurial columns are hidden by the stoppers, inasmuch as no such 
rapid fall in the temperature had been anticipated. The thermometer with con- 
centric envelopes of tin gives —23° .79. 

" We open a cage in which two pigeons are confined, but they refuse to 
escape. We cast them off into space, when, spreading their wings and wheel- 
ing in large circles, they sink downwards and are soon lost to sight in the mist 
which surronnda us. We cannot perceive the anchor which is suspended below, 
at the end of a cord 50 meters long. 

" 4^ 32". — We dieoharge ballast and rise still higher. The cloads separate 
above, and we see in the sky a space of bright azure blue, similar to that seen 
on earth in clear weather. The polariscope indicates no piolarization, in any 
direction, oa the clouds immediately aronnd or remote from ns. The blue of 
the sky, on the contrary, is strongly polarised. 

" The oscillationa of the barometer indicating that we have ceased to ascend, 
we throw out ballast, and obtain a new ascensional movement. 
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" Onr fingers are stiffened with cold, but we experience no pain in the ears, 
nor is respiration at all embarrassed. The sky is covered anew with clouds, 
bnt tbe sun, though veiled, is still seen, as well as its image. We think it wonld 
be interesting to find if the cold will still increase on ascending yet higher. We 
throw out ballast, which determines a.further ascension. 

" A^ 50=". — The barometer marks 315.03 millimeters. The extremity of tbe 
column of the thermometer of the barometer is lower by about two degrees than 
tbe last division marked on the instrument. This division is —37° ; the tem- 
perature, therefore, was about —39° ; the height, consequently, which we had 
attained is 7,039 meters. 

" The barometer oscillates from 31d.03 millimeten to 3S6.20 ; henee the bal- 
lot oscillates from 7,039 to 6,798 meters. There are only four kilograms of 



346 AEBONAUTIC VOYAOES. 

baUast remaining, which we jndge it pmdent to keep for the descent. Besides, 
it is useleBB to try to mount higher with instnunentB wnich have become mate; the 
mercuiy is congealed. We could, at most, only strive to maintain ourselves for 
some time at the same height, bnt, alUiongh the appendage is raised to prevent 
the escape of gaa by its orifice, the balloon begins to descend. We proceed to 
secure portions of the air, and, though the tube of one of the receptacles is 
broken in attempting to turn the stop-cock, the other is filled without accident. 
Bnt the cold paralyzes all our efforts; observations have become impossible; 
our fingers are disqualified for^ every operation. We resign oorselves to a 
descent. 




" We still encounter the little needles of ice : 
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" The thermometer with a glaas surface marks +2'' .50 ; that with a silvered 
surface -t-l^.g!. 

"5'' 16". — The barometer oscillates from 598.5 millimeters to 618.0 millime- 
ters, because we throw over our ballast, and this arrests our descent ; the tem- 
perature U 1".8; the height varies from 1,973 to 1,707 meters. 

" The oscillations are prolonged by the dischai^e of the last portions of our 
ballast. We are now only occupied with moderating the descent by sacrificing 
all that we have at our disposal, except the instruments, and we place the 
thermometers in their cases. 

" 5'' 30". — We touch the earth at the hamlet of Penx, a commune of Saint 
Denis les Ilebris, ariondisscment of Coulommiers. (Seine ct Mame,) at some 

SicL's iVom the residence of M. Bmlfert, mayor of the commune, 70 kilometers 
istant from Paris. 

"We hod the good fortune to break no instrument in our descent. The 
villafre afforded but a single vehicle to cany us to the Strasbourg railroad, 18 
kilonieterB distant, and the transfer was rendered troublesome by a violent ittorm 
of wind and rain ; the horse fell, breaking two of the instruments, whioh we 
greatly desired to carry safe to Parts, namely, the balloon for air, and the inetm- 
ment indicating the minimum of barometric pressure. Fortunately the minimtun 
thermometer of M. Walferdin, with his seal, was conveyed intact to the College 
of France. Hero the seal was removed by JtM. Kegnault and Walferdin, and 
the mioimum of temperature determined, by direct experiment, was found to be 
—39^.67, consequently very little different from the lowest temperatore observed 
by ourselves on the thermometer of the buometer." 

.In rendering my report to the Academy of Sciences, I remarked that the fact. 
of the presence of a cloud composed of email particles of ice having a temper- 
ature of about —40° in mid-summer, at a height of from 6,000 to 7,000 meters 
above the aurlkce of Europe, is the greatest discovery which meteorology has 



AERONAUTIC VOTAaES. 347 

for a long time recorded. This discovery explains how theee icy particlee may 
become the nocleos of bailatonee of considerable rolnme, for we readily com- 
prehend how they may condense aronnd them and solidify the aqueous vapors 
contained in the atmospheric strata in which they float ; it likewise demonstrates 
the trath of the hypothesis of Mariotte, who attribatcd the existence of h&los, 
parhelia, and parascleoes, to crystals of ice suspended in the air. In fine, the 
presence of a widely-extended clond of great coldness very well accounts for the 
sadden changes of temperature which ao often and unexpectedly affect our' 
climates. UM. Barral and Bixio, in diecaaaiug the meteorological observations 
made in Europe at the time, including the day preceding and the day following 
their memorable ascension, were enabled to establish the occurrence of sudden 
and general accessions of coid, which bore undoubtedly a direct relation to the 
arrival of the intensely frigorific masses of vapor which were then propagating 
themselves from the northeast to the southwest. 

VI. — VOVAUES OF JOHN WBLSK. 

In July, 1852, the committee of directors of the observatory of Kew, near 
Tjondon, resolved on the execution of a series of aeronautic ascensions with a 
view to the investigation of the meteorological and physical phenomena which 
develop themselves in the most elevated regions of the terrestrial atmosphere. 
This resolution was approved by the council of the British Association for the 
Advancement of Science. Instruments were immediately prepared, consisting 
of a barometer of Gay Lussac, dry and wet thermometers, an aspirator, a con- 
densing hygrometer of Begnanlt, a hygrometer of DanieU, a polariscopo and 
glass tubes to collect the air. The balloon made use of was that of M. Green, 
who constantly accompanied M. John Welsh, to whom the observations were 
intrusted ; illuminating gas was employed for inflation. Four ascensions took 
place, August 17 and 26, October 21, November 10, 1852. In the first two 
voyages M. Nicklin also accompanied M. Welsh. The place of departure was 
the garden of Vanxhall. 

Id the first ascension, Angoet 17, the expeditionists set forth at 49 minntee 
after three in the evening, and again touched the earth at 30 minutes after live, 
23 leagues north of London. They reached the height of 5,947 meters. The 
lowest pressure they obtained was 364.5 millimeters, and the minimum tem- 
perature — 13°.2. On the earth the barometer indicated 755.1 millimeters, and 
the thermometer +21°.8. A cloud covered the horizon, its inferior limit was 
reached at about 762 meters, and its superior limit at 3,963 meters. The bal- 
loon then penetrated into pnre air, but at a great distance above there spread a 
dense cloudy mass. Snow, consisting of star-shaped flakes, fell from time to 
time on the balloon. 

The second ascension, August 26, commenced at 4 hours 43 minutes in the 
evening, and terminated at 7 hours 35 minutes; the descent took place 10 
leagues W.K W. of London. The balloon rose to a height of 6,096 meters, and 
the lowest temperature observed was — 10°.3. On the earth the pressure was 
760.9 millimeters, and the temperature + 19.1. A few clouds were suspended 
in the atmosphere at a -height of about 900 meters | above, the sky was clear 
and of a bright blue. 

The third ascension took place October 81, at 2 hours 45 minutes ; the voy- 
agers descended at 4 hours 20 minntes, about 12 leagues to the east of London. 
They ascended only to a height of 3,853 meters ; the least pressure observed 
was 475.5 millimeters, the lowest temperature —3°, 8. On the earth the ba- 
rometer marked 7d9.2 millimeters, thf thermometer -f-14°.2. Between 254 and 
853 meters, the balloon encountered detached and irregular clouds ; at about 
915 meters it entered a continuous bed of clond, whose upper sui-face terminated 
at 1,093 meters. On its emci^ence from the cloud the bajloon pi'ojected on its 
nearly level expanse a shadow aarrouuded with fringes. The light, directly 
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reflected if the cload, examined vitb the polariscope, pKBbnled no trace of 
polarization. 

The greatest lieigbt at which U. Welsh arrived was attained in his fourth 
voyage, performed the lOtb of November. The ascent took place at 3 faouis 
31 minutes, and the descent, near Folkstone, 23 leagues E.SE. of London, at 
3 hours 45 minutes. The height reached irae 6,989 meters; minimum tem- 
perature observed —83°. 6 ; minimum pressure 310.9 millimeters. On the earth 
the barometer indicated 761.1 millimeters, and tbe thermometer +9'^.6. A 
first clond was encountered at S54 meters, whose upper surface reached a height 
of 600 meters. There occurred next a space of 620 meters, free from all sensible 
vapor ; bat, at a height of 1,220 meters, a new clond was met with, which ter- 
minated at 4,494 meters. Beyond this there were only a few cirri at a very 
great height. 

We Bce that tbe English aeronanta onlv once approached, though without 
attaining, the height of 7,000 meters, reached by Gay Lussac, and by Bamd 
and Bizio. The very low temperature of — BS^.O, observed by Welsh in his 
last ascension, would certainly have appeared extraordinary if our countr^'men, 
in their expedition of July Si, 1850, nad not ' encountered a cloud having a 
much lower temperature. The air collected by Hr. Welsh was analysed by 
M. Miller, who found its composition the same with that of normal air. The 
hygrometrical observations which Mr. Welsh made with care, and io great num- 
ber, by help of the psychrometer and hygrometer of M. Beeoault, did not indi- 
cate any considerable dryness. On tbe contrary, even in uie highest regions, 
the relative atmospheric humidity approached saturation. 



It is worthy of remark that, to the present time, man has not ascended into tbe 
atmosphere as high as tbe aerial stratum which snironnds tbe loftiest mountain 
summits of the Old and New World. . Kintschindinga and Aconoagua, the former 
8f592, the latter 7,291 meters high. In the ascent of monntaine, barely 6,000 
meters may be assigned as the height to which human effort has attained. ' In 
June, 1603, my illustrious friend, Alexander Humboldt, accompanied by M. 
Boupland, ascended Chimborazo to the altitude of 6,876 meters. In December, 
1831, another of my friends, M. Bousaingautt, accompanied by Colonel Hall, 
climbed the same mountain to the height of 6,004 meters above the level of tJie 
sea. If we add to these two celebrated excursions the aeronautic vDyages of 
Lboest and Robertson, July 18, 1803 ; of 0-ay Luseac, September 16, 1804 ; 
of MM. Barral and Bixio, July 27, 1850 ; of H. Welsh, August 26 and No- 
vember 10, 1852, we have the sum of all the enterprises in which man has 
sacceeded in maintaining his position for a few instants in tbe strata of air 
situated from 6,000 to 7,000 meters above the mean level of the seas. The 
following table recapitulates the thennometric and barometric observatioas 
made under these rare circumstances : 



Homboldtand BoDpUnd 

Lhoeat aad BobcrUon 

Qay LnssBF. 

Boius I D^D It and Colonel Hall. 

Barrel and Uiiio 

Welsh 

Welsh 



Jnne24,l«)2 
.Tul}' 18,1803 
Sept. 16, 1804 
Doc I6,1B3I 
JqIt in, 1850 
Auk. 26, 1832 
Nov. 10, lUSZ 



-1-7.8 
—39.7 
—10.3 
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TheM figtiras certainly demooatrate tfaat. In high atmoapheric radons, the ther- 
mometric Taxiationfl are not leas considerable than on the Burfaoe of the earth, and 
that, in any case, if there be a Btratom of constant temperature in the terrestrial 
atmosphere, the fact of its existence is only admissible aa r^ards an elevation 
probably moch greater than any yet reached. Is it practicable to transcend 
this limitary height of 7,000 meters, by which all ascensions hitherto undertaken 
have been bounded I There is bnt one consideration which can make us hesi- 
tate to answer affirmatively. We know not if man's physical constitntion could 
ftdapt itself to a pressure much lighter than that of 311 millimeters, about two- 
fiflfas of the mean pressore observed on the sea-shore. 



AK ACCOUNT OF BALLOON ASCENSIONS. 



BV MR. JAMBS CLAISUBB. 



IFronHie Louian AUumatat, Ortukr, 1864.] 

Thb committee on balloon experiments was appointed last year for the fol- 
lowing purposes: To examine the electrical condition of the air at different 
heights; to verify the law of the decrease of temperature; and to compare the 
constants in different states of the atmosphere. With respect to the first of 
these objects no progress had been made, with the exception of preparing an in- 
strument and apparatus for the investigation. At the request of the committee Ur. 
Fleming Jenkin undertook the construction of the best iastrument for the purpose, 
and one was finished towards the end of 1863, but it was constructed to be used 
with fire. It has siuce bad to be adapted forwater,acotiBtanl flow of which isneoea- 
sary in electrical experiments in balloons. This apparatus Mr. Glaisher was re- 
quested by the coQimittee not to use, aa they felt thAt these instnunents, if exert- 
ing no influence while the balloon was rising, might, when it was falling, throw 
considerable doubt on the experiments relating to humidity. With respect to the 
second of these objects, the verifying the law of the decrease of temperature in 
different states of the atmosphere, the committee considered would be best at- 
tained by taking aa many obserrationa as possible at times in the year, and at 
times in the day, at which no experiments oad been made, for the purpose of 
detennining whether the laws which hold good at noon apply equally well at 
all other times of the day. The committee have always pressed the importance 
of magnetic observations in the higher regions of the air — the Astronomer Royal 
suggesting the use of a horizontal magnet, and taking the times of its vibration 
at different elevations, a method which is seldom practicable, owing to the ali 
most constant revolution of the balloon. To obviate this, Dr. Lloyd suggested 
the use of a dipping-needle, placed bonzontally when on the ground, by means 
of a magnet above it. so that, when in tho balloon, the deviation &om horizon* 
tality might be noticed, and which deviation would be independent of rotary 
motion of the balloon. The latter method has not yet been tried. Dr. Lloyd 
wishing some expeiimente to be made before the instrument was constructed. 
At Newcastle a very general wish being expressed that very high ascents 
should not ag^n be attempted, none above five miles had since been made. Ur, 
Glaisher then gave an account of the ascents made by him dnring the past year. 
The first was from Newcastle, on the 31st of August. The balloon left the earth 
at 6h. 11m. p. m.. with a north wind, and descended at five minutes past 7, at 
Ktljngton, near Durham. The decrease of tempeiattira'with^,^,$rp^. 200 
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feet of the earth in this ascent wafl very lemaikable, no snch rapid decrease 
having l>een found in any other ascents. On the ground the temperature was 
Ci", and by the time 200 feet had been attained, a decrease of 8 d^^iees had 
taken place, the temperature being 56°. From this height to 1,200 feet these 
was but little change, and above tbis the temperature decreased from 2° to 3^° in 
each Boccecdmg 1,000 feet up to 7,000 feet, when the balloon entered a relatively 
warmer carrenc of cur. The second ascent, on the 29th of September, 1863, was 
from Wolverhampton. The f^ on this occasion hod been prepared in July 
expressly for a higb ascent intended t« haVo taken place before the Newcastle 
meeting, but circnmstances prevented this being made, and the gaa was oblig- 
ingly stored in the gasometer by the directore of the gas-works. The balloon 
left at 7h. 43m. a. m., wind S W. At 8,200 feet there were two layers of donds 
below the balloon and very dense clouds above. When at 11,000 feet the clonda 
were still a mile higher; there was a sea of blue-tinged clond below, and peeps 
of the earth was seen through the breaks. At 13,000 feet high clouds were 
still above ; bat after this they began to dissipate, and at 9h. ^SSul, at 14,000 
feet, the sun shone brightly. Ton minntee aflcrwarda the travellers discovered 
the Wash at a distance of only ten miles, and were compelled to descend. A 
southwest galo was blowing, and so strong was the wind that on the grapnels 
taking the ground near Sleuord, at lOh. 30m., the balloon was rent from top to 
bottom. In this ascent warm currenta were met with at 8,000 and 13,500 feet. 
In the descent a warm ctirrent was passed throngb, extending from 14,000 to 
9,000 feet. I'emperature at the ground on leaving 48° ; at time of descent 53". 
On pasHJug out of the mist at 3,000 feet the humidity declined to 58° at 8,000 
feet. Here there were dense clouds above and below. At 9,000 feet the hu- 
midity was 71°, and then the air became suddenly dry. The third ascent was 
made from the Crystal Palace, at 4h. 29m. p. m., on the 9th of October. In sev- 
enteen minntes it waa 7,300 feet high, and directly over Loudon Bridge, and all 
the vast number of buildings, comprising the whole of London, could be clearly 
seen. There were neither warm nor cold currents met with on this day. The 
secretary of titate for war having granted permiesion to the committee to avail them- 
selvesof the facilities afforded in the Royal Arsenal, at Woolwich, the ascent of the 
ISth of January was made from thence. It was intended to have been made on the 
2lBt of December previous, and from time to time the balloon had been partially in- 
flated. It left at Sh, 7m. p. m., and in 14 minutes hod crossed the Tilbury rul- 
way, and was over Hainaalt forest. At 3h. 31ro. the height of 12,000 feet waa 
attained, when the balloon began to dcBcend,and touched tbegroundat4h. 10m. 
at Lakenheath. On the earth the wind was 8£. At 1,300 ^t a strong SW. 
current waa entered, in which the balloon continued up to 4,000 feet, when the 
wind cliangcd to S. At 8,000 feet the wind changed to S.6W., and afterwards 
to S.SE. At 11,000 feet fine granular enow was met with, and the balloon 
passed through snow on descending till within 8,000 feet of the earth. Clouds 
were entered at 7,000 feet, which merged at about 6,000 feet into mist. This 
ascent is the only one ever made in January for scientific purposes. The fifth 
ascent was designed to have been made as near the 21et of March aa p<»aible, 
bat through adverse weather was deferred to the 6th of April. The balloon 
left Woolwich at 4h. 7m. p. m., with a 8£. wind, ascending evenly at the rate 
of 1,000 feet in about three minutes, till 1 1,000 feet waB attained at 4h. 37in. 
It descended into Wilderness Park) near SevcnoakB, in Kent. Its e«urse was 
most remarkable, having passed over the Thames into Essex. The balloon, un- 
known to the aeronauts, must have repassed the river and moved in a directly 
opposite direction, and so continued till it approached tho earth, when it again 
moved in the same direction as at firat. The ascent is remarkable for the small 
decrease in temperature with increase of elevation. The air, at the period of 
starting, was 45^°, and did not decline at all tUI after reachmg 300 feet, after 
which it decreased g^dnally to 33° at 4,300. A warm current waa then en- 
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tered, and the temperature iacreosed till 7,500 feet was attained, wben 40° 
were attained, being tbe Bame as had been experienced at 1,500 feet. It 
tben decreased to 34° at 8,800 feet, and then increased slowly to 37° at 
11,000 feet, a teniperatnre which had been experienced at the heights of 8,500, 
6,500, and 3,000 feet in ascending. After the groat iojary to the balloon on the 
29tb of September^ in addition to the repairs it had previously undergone, Mr. 
Ooxwell did not consider it, after the additional rough usage in the last two 
Toyages, safe for extreme high asceuts, and determined to build a new one. 
which he did, capable of containing 10,000 cubic feet more gas than the old one, 
eo that, if need be, two observers cotild ascend together to the height of five 
miles. A new balloon, howerer, needs trying in low ascents until it proves 
^s-tight before it can be used for great elevations ; and, on June 13, it was 
Uierefore started on a small ascent tn>m the Crystal Palace, at 7 o'clock — the 
. sky cloudless, and the air perfectly clear, except in the directioo of London. An 
elevation of 1,000 feet was reached in 1^ minute, 3,000 feet at 7h. 8m., when 
the balloon descended to 2,300 feet, and then reaecc'nded to 3,400, when, after 
A slight dip. it again ascended Ut 3,550 feet, the highest point by 7h. 28m., and 
then, after some oscillations, began its downward course at 7h. 50m. from 2,800 
feet, reaching the ground at East Homdon, five miles from Brentwood, at 8h. 
14m.— the remarkable feature in this voyage being that, below 1,800 feet ele- 
vation, there was scarcely any change of temperature until the earth was reached. 
This fact of no change in the temperature of the air at the time of sunset was 
very remarkable, for it indicated that, if such be a law, the law of decrease of 
tempenture with increase of elevation may be reversed at night for some dis- 
tance from the earth. Jnne 20, the balloon left Derby at 17 minutes past 6 
p. m., and descended near Newark. June 27, the bfJloon ascended from the 
Crystal Palace at 6h. SS^ni.— the sky cloudy, wiod west. The descent was 
made on Romney Marsh, 6 miles from the shore. These several trial trips of 
the new balloon were made, and it was gradually becoming gas-tight, when its 
lamentable destruction at Leicester took place. The mayor of that town baa 
recently presided over a meeting for the purpose of collecting subscriptions to 
assist Mr. Goxwell to rebuild a new balloon ; and we concnr in Mr. tilaisber's 
wish that the town of Leicester and the Foresters' Society will soon remove the 
stigma resting upon them. Mr. Goxwell, since then, has had recourse to the 
old balloon, which he had repaired as best he could, and the next and last as- 
cent of which Mr. Glaishcr had to speak was made with it, on August 29, from 
the Crystal Palace, at 4h. 6m. The difference between the temperatures of 
the air and those of the dew-point in this ascent was rather remarkable. The 
most important point in the past year's experiments are that, though the 
law of decrease of temperature under ordinary circnmstance^ in the summer 
months is pretty well determined, we cannot sa^j^ such a law holds good througb- 
ont the year ; nor can we say that the laws which are in force daring the &y 
will be in force at night. In carrying out these experiments Mr. Glaisher said 
he had freely given np all his leisure, and that Mr. Coxwell had done the same 
in a most unselfish manner. Indeed, had it not been for the generous spirit in 
which Mr. Goxwell had entered into these experiments, they never couU have 
been made, except at a multiple of the cost that had been incun«d. 
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When, in 1767, hj a decree of Charles HI, all members of tlie order of the 
Joeuits were baoufaed trom Spain aod the transatlaDtic proTinces subject to that 
realm, those Jesuits who superintended the miseionB ettabUHhsd by the SpauiordB 
since 1697 in Lower California were compelled to leave their Indian converts, and 
to transfer their spiritual authori^ to a unmber of friars of the Franciscan order. 
One of the banished Jesuits, a German, who had spent scvetiteeu yean in the 
Galifomian peninsuU, published, after hia retoru to his native country, a book 
which contains a description of that remote part of the American continent, and 
gives also quite a detailed account of its aboriginal inhabitants, with whom tha 
author had become thoroughly acquainted during the many years devoted to 
their coaversion to Cbristianity. Thb book, which, is now very scarce in 
Germany, and, of course, still more so in this country, bears the tiiJe : AeoMmt 
of. the American Pemntula of California ; toUh a tieofoid Appendix of FaUe 
Report*. Written by a Priett of the Society of Jettu, who lived there many 
yeare patt. Pithlithed toitk the Permieiiim of my Svpenori. Mannheim, 1773.* 

Modesty, or perhaps other motives, induced the author to remain anonymooa. 
bnt with little euccess ; for bis name, which wae Jacob Baegert, is sometimes 
met with in old catalogues, in connexion with the title of his book. That his 
home was on the Upper Rhine he states himself in the text, but further par- 
ticulars relative to his private affairs, before or after his missionaty labors in 
California, have not come to my knowledge. He does not even mention over 
which of the fifteen missions existing at his time on the peninsula he presided, 
but merely says that he had lived in California under the twenty-fifth degree, 
and twelve leagues distant from the pacific coast, opposite the little bay of St 
Magdalen. On the map accompanying his work there are two missionary sta- 
tions marked nnder that latitude — the mission of St. Aloysias and that of the 
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Seven Dolors, (Septem Dolornm,) of which the first named eridently was his 
place of residence. 

The work in qaeetion constitntefl a Bmall octtrvo volnme of 358 pages, and is 
divided into three parts. The first division (of which I will give a short 
eTDopeis in this introdnction) treats of the topography, physical geography, 
geology, and nataral history of the peninsula; the second part gives e.n account 
of the inkabita^U, and the third embraces a short bnt interesting history of the 
missions iu Lower Culifomia. In the appendices to the work the aothor refuteo 
certain exaggerated reports that had been published concerning the Califomian 
peninsula, and he is particularly very severe upon Venegat' "Noticia de la 
California," (Madrid, 1757, 3 vols.,) a work which is also translated into the 
English, French, and German languages. He accuses the Spanish author of 
having given by fur too favorable, and, in manv instances, utterly false 
accounts of the country, its prodactiona and inhabitants, which is rather a 
noticeable circumstance, since Veitegai is considered as an authority in matters 
relating to the ethnology of California. 

Whde reading the work of the German missionary, I was struck with the 
amount of ethnological information contained in it, especially in the second 
part, which is exclusively devoted to the aboriginal inhabitants, as stated 
before ; and upon conversing on the subject with some friends, members of the 
American Ethnological Society, they advised me to translate for publication if 
not the whole book, at least tbat part of it which relates to the native popolo- 
tioD, of which wo know, comparatively, perhaps less than of any other portAn 
of the indigenous race of North America. As there is a growing taste for the 
study of ethnology manifested in this country, and, consequently, a tendency 
prevailing to collect all materials illustrating the former condition of the Amen- 
COD aborigines in different parts of the continent, I complied with the request 
of my friends, and devoted my hours of leisure to the preparation of this little 
work, supposing that the account of a- man who lived among those Galifomians 
a century ^o, when their original state had been but little changed by inter- 
course with Europeans, might be an acceptable addition to our stock of 
ethnological knowledge. 

I have to state, however, that the following pae:es are not a translation in 
the strict sense of the word, bnt a reproduction of the work onlr as far aa it 
refers to ethnological matters. The reasons which induced me thus to deviate 
from the usual course of a translator are obvious ; for even that . portion of the 
text which treats of tho native race contains many things that are not in the 
least connected with ethnology, tho good father being somewhat garrulous and 
rather fond of moralizing and enlarging upon religious matters, as might be 
expected from one of his catling; and, although he places the natives of the 
peninsula exceedingly low in the scale of human development, he takes, never- 
theless, occasion to draw comparisons between their barbaric simplicity and the 
over-refined habits of tho Europeans, much in the manner of Tacitus, who seizes 
upon every opportunity to rebuke tho luxur^ and extravagance of bis country- 
men, while he describes the rude sylvan life of the ancient inhabitants of Ger- 
many. My object being simply to rescue from oblivion a number of facts 
relating to a portion of the American race, I have omitted all snperfiuons com- 
mentaries indulged in by the author, and, in order to bring kindred subjects 
under common beads, I have now and then used some freedom in the arrange- 
ment of the matter, which*is nut always properly linked in the original. 
Although the second part of the book has chiefly furnished the material for 
this reproduction, I have transferred to the English text, and inserted in the 
proper places, all those passages in theother divisions, and even in the two 
appendices that have a ocoring upon ethnology, ^ving thus unity and com- 
pleteness to the subject, which induced me to prepare these pages. For the 
rest I have preserved, so far as feasible) the language of uie attlLor. Not 
23 fi 
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much tan be said, however, in favor of the etyle exhibited in the original, and 
even the spelling of the words defies all rulee of orthography, which were 
adopted a centncy ago in the G«nnan langnage; nor is onr father unaware of ■ 
his deficicaciee, but honestly states id his preface that " if his style was Done 
of the smoothest, and his orthography incorrect id some places, the reader 
might consider that dnring the seveat«ea years of his sojourn in Oalifomia, 
comprising the period from 1751 to 1768, he hardly ever had conversed in 
German, snd, conseqoently, almost forgotten the nse of his mother language." 

Of the peninanla Father fiaegert gives a rather woeful account. Ho describes 
that region aa an arid, mountainous country, covered with rocks and sand, 
deficient in water, and almost without shade-trees, but abounding in thorny 
plants and ahruha of various kinds. The sterility of the soil is caused by the 
scuitinees of water. "No one," says the author, "need be afraid to drown 
himself in water; but the danger of dying from thirst is inuch grpater." There 
'falls some rain, accompanied by short thunder-storms, during the months of 
July, August, September, and October, filling the channels worn in the hard 
ground. Some of these soon become dry after the showers ; others, however, 
hold water during the whole year, and on these and the stagnant water col- 
lected in pools and ponds men and beasts have lo rely for drink. Of runoiog 
waters, deserving the name of brooks, there are but six in the country, and M 
these six only four reach the sea, while the others lose themselves not very tax 
from their sonrces among rocks and sand. There is nothing to be seen in 
lArer California that may be called a wood; only a few struggling oakfl, 
pines, and some other kinds of trees unknown in £urope, are met with, and 
these are confined to certain localities. Shade and material for the carpenter 
are, thci-efore, very scarce. The only tree of any consequence is the so-called 
mesquite; bnt besides that it always grows quite isolated, and never In groups, 
the trunk is very low, and the wood so hard that it almost defies the applica- 
don of iron tools. The author mentions, further, a kind of low Brazil wood, a 
tree called paloblanco, the bark of which serves for tanning; the palohierro or 
iron-wood, which is still harder than the mesquite ; wild fig trees that bear no 
&uit ; wild willows and barren palms, " all of which would be ashamed to 
appear beside a European oak or nut-tree." One little tree yields an odoriferous 
gnm that was used in the Califomian churches aa frankincense. Bat in com- 
pensation for the absence of large trees, there is a prodigious abtmdance of 
prickly plants, some of a gigantic height, but of little practical nse, their soft. 

rngy stems soon rotting aj^r being cnt. Among the indigenous edible pro- 
tions of the vegetable kingdom are chiefly mentioned the tunas or Indian 
figs, the alot!, and the pitahayas, of which the latter deserve a apecial notice 
as forming an important article of food of the Indians. Th^ are two kinds 
of this fruit — the sweet and the sour pitahaya. The former is round, as large 
as a hen's egg, and has a green, thick, prickly shell that covers a red or whil« 
flesh, in which the black seeds are scattered like grains of powder. It is 
described as being sweet, but not Af a very agreeable taste without the addition 
of lemon juice and sugar. There is no scarcity of shrubs bearing this fruit, 
and from some it can be gathered by hundreds. They become mature in the 
middle of June, and continue for more than eight weeks. The sour pitahaya, 
which grows on low, creeping bushes, bristling with long spines, is mu<^ 
larger than the other kind, of excellent taste, but by far less abundant ; for, 
although the shrubs are very plentiful, there is h'ardly one among a hundred 
ih^t bears fruit. Of the alo3 or mescale, as the Spaniards and Mexicans call 
it, the fibres are used by the aborigines, in lieu of hemp, for making threads 
and strings, and its fruit is eaten by them. 

A very curious portion of the book is that which treats of the animals found 
in Calitomia. The author is evidently not much of a naturalist, and, in clasai< 
fying animals, ho manifesla occasianaUy a sovereign independence that would 
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shock thefeelingfi of aBlamenbsclior Agaesiz; yet his remarks, repu] ting from 
actual observation, are for the most part correct, mid crince nndeniabl}' his 
love of tnith. In the )ut of <nild qaadnipeds are enumerated the deer, hare, 
rabbit, fox, coyote, wild cat, ekunk, (Sorillo,) leopard, (American panther,) 
ouza, and wild ram. In refereoce to the last-named animal the author remarks : 
"Where the chain of mountains that mna lengthwise through the whole penin- 
snla reaches a considerable height, there are found animals resembling oar 
rams in all respects, except the horna, which are thicker, longer, and much 
more curved. When pursued, theae animals will drop themselves from the 
highest precipices upon their boma mUiout receiving any injury. Their num- 
ber, however, cannot be great, for I never saw a living specimen, nor the fitr 
of one in the possession of an Indian; but many skins of leopards and onzas." 

This animal is doubtlesa identical with the Bocky Monntain sheep, fOrh 
mtmtaavi.J 

The feathered tribe does not seem to be very plentiiii] in Oalifomia, since, 
according to Father Baegert, a peraon may travel one or two days without see- 
ing other birds but occasionally a £lthy vulture, raven, or "bat." •Among the few 
which he observed are the red-bird, fcardtnalj blue-bird, humming-bird, and 
an "ash-colored bird with a tail resembling that of a peacock and a beautiful 
tnft on its head ;" also wild ducks and a epeciea of swallow, the latter appear- 
iDgonly now and then in small numbers, and therefore considered as extraneotti'. 

There are some small fish found in the waters of Califomiaj but they do not 
amount to much, and during lent the father obtained bis supply from the 
Pacific, distant 12 leagues from his habitation. On the other days of abstinence 
liis meal asaally consisted of a "little goat-milk and dry beans, and if a few 
eggs were added, he cared for nothing else, but considered himself weH enter- 
tained." 

Under the comprehensive, bnt not very scientific head of " vermin," the author 
enumerates snakes, scorpions, centipedes, huge spidera, toads, wasps, bats, ants, . 
and graBshoppers. These vermin seem to have been a great annoyance to the 
good missionary, especially the snakes, of which there are about twenty differ- 
ent kinds in California, the rattlesnake being, of course, the most conspicuous 
among them. This dangerons reptile, which seems to be very numerous in that 
region, ia minutely and correctly described, and, aa might' be expected, there 
are also some " snake stories" related. One day when the author was about' 
to shave and took bis razors from the upper board of bis book-shelf, he discov- 
ered there, to his horror, a rattlesnake of large size. He received likewise in 
his new dwcUing-hoQse, which was a atone building, frequent visits from scor- 
pions, large centipedes, tarantolas, ants and toads, all precautions being unavail- 
ing against the intrusion of these uninvited guests. The graBsfaoppers are rep- 
resented as a real public calamity. Migrating from the aonthem part of the 
peninsnla towards the north, they delnge the country, obscuring the sun by 
their nnmbers, and causing a noise that resembles a strong wind. Never devi- 
ating from their line of march, they will climb bouses and churches encountered 
during their progress, laying waste all fields and gardens over which their per- 
nicious train passes. 

Of the climate in California the author speaks well, and considers it as both 
healthy and agreeable. Being only one degree and a half distant from the 
Tropic of Cancer, he lived, of course', in a hot region, and he remarks with rel- 
erence to the high temperature that some thought the name " California" was 
a contraction from the Latin words ca/idayorwaar. {hot oven,) without vouching, 
however, for the correctness of the derivation, though he ia certain that the ap- 
pellation is not of Indian origin. The greatest heat be^ns in the month of 
July and lasts till the middle of October; but there is every day in the year 
quite a refreshing wind blowing, which begins at noon, if not sooner, and con- 
tmaes till night. The prindpu winds ara north west and south west; theQortfa 
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wind blows only now and then dnring the winter months, but tlie east wind 
hardly ever, the tatter circumstKnco being Bomewhat sorprieing to the ftuthor, 
who observed that the clonds arc almost invariably moving from the east- He 
never found the cold severer than daring the latter part of September or April 
on the banks of the Khine, where, after his retnm, the pereevcring coldness of 
winter and clouded atmosphere dwing that period made him long for the mild 
temperatare and always blue and serene sky of the country he had left. Fogs 
in the morning are frequent in California, and occur not only during fall and 
winter, but also sometimes in the hot ecaeon. Dew is said to be not more fre- 
quent nor heavier than in middle £nrope. 

Though the author represents California as a dry, sterile country, where but 
little rain falls, he admits that in those isolated parts where the proximity of 
water imparts humidity, the soil exhibits an aBtonishing fertility. " There," he 
says, " one may plant what he chooses, and it will thrive ; there the earth yields 
fruit a hundred-fold, as in the best countries of Europe, {producing wheat and 
maize, rice, pumpkins, water and other melons of twenty pounds' weight, cot- 
ton, lemons, ffranges, plantaiuB, pomcgmnates, excellent sweet grapes, olivM 
and figs, of which the latter can be gathered twice in a summer. Th» same 
field yields a double or threefold harvest of maize, that grows to prodigious 
height, aod bears sometimes twelve ears on one stalk. I have seen vines in 
Catiiumia that produced in the second year a medium sized basket full of 
grapes ; in the third or fourth year some are as thick as an arm. and shoot forth, 
in one season, eight and more branches of six feet length. It is only to be ra- 
grt.'tted that snch humid places are of very rare occnrrcnce. and that water f<^ 
irrigating a certain piece of land sometimes cannot be found within a distance 
of sixty leagues." , 

In the last chapter of the first part the author gives an account of the pearl 
fisheries and silver mines carried on in Lower California while he was there. 
Both kinds of enterprise are represented as insignificant and hy no means very 
profitable, "Every summer," he says, "eight, ten or twelve poor Spaniards 
from Sonera, Cinaloa or other parts opposite the peninsula, cross the Onlf in 
little boats, and encamp on the California shore for the purpose of obtaining 
peEirls. They carry with them a supply of Indian com and some hundred 
weight of dried beef, and are accompanied by a number of Mezicaji Indians, 
who serve as pearl fishers, for the Colifomians' themselves have hitherto shown 
ni< inclination to risk their lives for a few yards of cloth- The pearl fiaheia 
are let down into the sea by ropes, being provided with a bag for receiving the 
pearl oysters which they rake from the rocks and the bottom, and when they 
can no longer bold their breath, they are pulled up again with their treasure. 
The oysters, without being opened, are counted, and every fifth one is put aside 
for the king. Most of them are empty ; some contain black, others white pearls, 
the latter being usually small and ill-shapod. If a Spaniard, after six or 
eight weeks of hard labor, and after deducting all expenses, has gained a bun- . 
dred American petox (that is 500 French tivres, or a little more than 300 Rbea- 
i^h florins-^a very small sum in America I) he thinks he has made a little for- 
tune which he cannot realize every season. God knows whether the fifth part 
of ibe pearls fisbed in the Califomian sea yields, on an average, to the Catho- 
lic king li'tO ot SOO pesos in a year, even if no ft'auds are committed in the 
transaction. I heard of only two individuals, with whom I was also personally 
acquainted, who had accnmiuated some wealth, after spending twenty and more 
years in that line of business. The others remained poor wretches, with ^ 
their pearl fishing." 

There were but two silver mines of any note in operation at the time of 
Bncgert's sojourn in California, and those had been opened only a few years 
previona to his arrival. They were situated in the districts of St. Anna and 
aL Antonio, near the southem end of the peuinsnla, and only three leagues 
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^tant from each other. Digpng for silver in Oalifornia iB not represented as 
a Incratire bneinesa, the owoer of one of the mines being so poor that lie Lad 
to beg for bis travelling money when be was about to return to Spain. The 
proprietor of tbe otber mine was in better circumstances, but fae owed his weulih 
more to otber speculations tban to bis snbterraneaD pursuits. The mining 
population in tbe two diatricts amounted to 400 souls, women and children in- 
cluded, and the workmen were either Spaniards born in America, or Indians 
from the other side of tbe Califomian gulf. The external coi)dition of these 
people is represented as wretched in ^e highest degree. The soil produced 
almost nothing, and not having the necessary money to procure provisions from 
the Mexican side, they were sometimes compelled to gather their food m the 
fields, like the native Colifomians. The author epcaks of a locality between 
the twenty-eighth and twenty-ninth degree, called Rosario, where some sup- 
posed gold to exist, but even admitting the fitct, he thinks it would be almost 
impossible to work mines in that region, where neither food for menand beast«, 
nor water and wood, can be procuied. Near tbe mii>sion of St. Ignatius (:^8th 
degree) sulphur is found, and' on the islands of £1 Carmen and St. Joseph in 
tbe Califomian gnlf, and in different places on both coasts salt of very good 
quality is abundant 

Having thus given an abstract of the first part of the book, I cannot con- 
clude these introductory remarks without saying a few words in favor of the 
. Jesuits. Whatever 4e may think, as Proteetants, of the tendencies of fhat 
order, we cannot but admit that those of its members who came as missionaries 
to America deserve great credit for their zeal in propagating a knowledge of 
the countries and nations they visited in the New World. To the student of 
American ethnology particnlarly, the uumeFuus writmge of the Jesuit fathers 
are of inestimable valne, forming, as it were, the very foundations upon which 
almost all subsequent researches in that interesting field of inquiry are based. 

" The missionaries and discoverers whom the order of the Jesuits sent forth 
were for the most part not only posBessed of the courage of martyrs, and of 
Btatcsmanlike qnalitiea, but likewise of great knowledge and learning. They 
were enthusiastic travellers, naturalists, and geographers; they were the best 
mathematicians and astronomers of their time. They have been the first to 
give us f^thful and circumstantial accounts of the new conntries and natious 
they visited. There are few districts in the interior of America concerning 
which the Jesuits have not supplied us with the oldest and best works, and we 
can scarcely attempt the etudyof any American language wtthont meeting with 
a grammar composed by a Jesuit. In addition to their chapels and colleges in 
the wilderness, the Jesuits likewise erected observatories ; and there are few 
rivers, lakes, and mountains in the interior, which tbey have not been the first 
to draw npon our maps." 

With this wcll-deservod eulogy, which is quoted from Mr. J. O. Kohl's re- 
cent work on the discovery of America, I leave to Father Baegert himself the 
task of relating his experiences among the natives of Lower California. 



AN ACCOUNT OF THE ABORIGINAL INHABITANTS OF THE 
CALIFOENIAN PENINSULA. 



In physical appearance tbe Califomians resemble perfectly the Mexicans and 
other aboriginal iuhabitants of America. Their skin is of a dark chestnut or 
clove color, passing, however, sometimes into different shades, some individuals 
being of a more swarthy complexion, while others are tan of copper colored. 
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But in aew-bom children the color is mnch paler, eo that tbey hardly can be 
diBtinguisfaed irom white children when presented for baptism; yet it appears 
soon ^Cer birth, and aesttmes its dark tinge in a short time. The hair is black 
uB pitch and atrtugbt, and seldom turns gray, except sometimes in cases of 
extreme old age. They are all beardless, and their eye-brows are but scantily 
provided with hair. The beads of children at their birth, instead of being cov- 
ered with scales, exhibit hair, sometimes half a finger long. The teeth, though 
never cleaned, are of the whiteness of ivory. The angles of the eyes towards 
the nose are not pointed, but arched like a bow. T'hey are well-formed and 
well-proportioned people, very supple, and can lift up from the ground stones, 
bones, and similar things with tbe big and second toes. All woJk, with a few 
exceptions, even to the most advanced age. perfectly straight. Their children 
stand and walk, before they are a year old, briskly on their feet Some ore tall 
and of a commanding appearance, others small of stature, as elsewhere, but no 
. corpulent individuals are seen among them, which may be accounted for by their 
ijiaiiiiGr of living, for, beiug compelled to ran mnch around, they hare no chance 
01 Lci'owing stout. 

ill a country as poor and aterile as California the number of iahabitanta can- 
not bo great, and nearly all would certainly die of hunger in a few days if it 
were as densely populated as most parts of Europe. There arc, consequently, 
very few Galiforniana, and, in proportion to the extent of the country, almost 
as lew, aa if there were none at all; yet, nevertheless, they decrease annually. 
A person may travel in different parts four and more days without seeing a 
single human being, and I do not believe that the number of Califomiana from 
the pi-omontory of St. Lucas to the Bio Colorado ever amounted, i>efore the 
arrival of the Spaniards, to more than forty or fifty thousand souls.* It is 
certain that in 1767, in fifteen, that is, in all the missions, from the 2Sd to the 
3l»t degree, only twelve thoUBand have been coanted. But an insignificant 
population and its annual diminution are not peculiar to California alone ; both 
are common to all America. Daring my journey overland along the east side 
ot tlie Californian gulf, from Guadalaxara to the river Hiaqui, in the Mexican 
territory, a distance of four hundred leagoes.t I saw only thirteen small lodiaa 
villogi's, and on most days I did not meet a living Bout. Father Charlevoix, 
before petting out on a journey through Canada or New France, writes in bia 
6xst Utter, addressed to the Duchess of LoBdiguitires, that he would have to 
tra^'el sometimes a hundred and more leagues without seeing any human bemga 
besides his companions. { 

Witli the exception of Mexico and some other countries. North America wae, 
evi^n at the time of the discovery, almost a wildemeBS when compared with 
(Ttrm.iny aud France ; and this is still more the case at the present time. 
Whoever has read the history of New France by the above-named author, or 
has travelled six or seven hundred leagues through Mexico, aud, besides, ob- 
tained reliable iufonuation concerning the population of other provinces, can 
easily Ibrm au estimate of the number of native inhabitants in North America ; 
and if the Boutbein half of the New World does not contain a hundred times 
more inhabitants than the northern part, which, relying on the authority of men 
who have lived there many years and have travelled much in that country, I 
am fir from believing, those European geographers who epeak in their books of 
300 millions of Americans are certainly mistaken. Who knows whether they 

, ' WMhm)!ion Irvtnff statea Ihfj bad numbered from 35,000 to 30,000 aonls when the fint 
cniasioiiB weie eslabliaibed i on what Balhontj 1 do not kDow.—Adstalunt <^ Captain Bom- 
"(rJfc, («d. of ISDJ. ) p. 332. ■* '^ 

t SiuMddi.— I tninslala this word by "leapiB," though tbe French Jiewisa Uttte longer 

le CharlsToii. Psrifc J7^t*(ji§,(f,^56 
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would find in all more tbaa fifteen or twenty millions ? The mimy bundred 
laoguagea which are spoken in South America alone are a sure evidence of a 
Bcanty popnlation, altnough the contrary might be inferred at first sight; for, if 
there were more people, there would be mo re -community among thero, the tribes 
would live closer together, and, as a result, there would be fewer languages. 
The Ikas in my district speak (•language different from that of the other people 
in my mission ; but I am pretty sore that the whole nation of these ikus never 
amounted to five hundred persons. 

It is easy to comprehend why America 18 so thinly popnlated, the manner of 
living of the inhabitants and their continue wars among themselves being the 
eaubes of this deficiency ; but how it comes that, since the discovery of the fourth 
part of the world, its population is constantly melting down, even in thoae prov- 
inces where the inhabitants are not subjected to the Europeans, but retain their 
fiiU, unrestrained liberty, as, for instance, according to Father Charlevoix, in 
Louisiana, (tbat is, in the countries situated on both aides'of the Mississippi,) is 
a question, the solution of which I leave to others, contenting myself wiui what 
18 writLeu in the Psalms, namely, that the increase or diminution of the human 
race in different countries is a mystery which man cannot penetrate. 

However small the number of Californians is, they are, nevertheless, divided 
into a great many nations, tribes, and tongues.* If a mission contains only one 
thuosand souls, it may easily embrace as many little nations among its parish- 
ioners as Switzerland counts cantons and allies. Hy mission consisted of 
Faurns, Atshemes, Mitsbirikutamais, Mitshirikuteurus, Mitshirikut^ruiuiaidres, 
Teackwjts, Teengudbebcs, Xltshis, Ikas, Anjukw&ree, Utshipujes ; all being 
different tribes, but hardly amounting in all to five hundred souls. 

It might be ashed, in this place, why there existed fifteen missions on the 
peninsulH, since it appears tbat 12,000, and even more, Indians coiild be con- 
veniently superintendi'd and taken care of by three or four priests. 1'he answer 
ie, that this might be feasible in Germany as well as in a hundred places out of 
Europe, but is utterly impracticable in California; for, if 3 or 4,000 Califor- 
nians were to live together in a small district, the scanty means of sub^stence 
afforded by that sterile country would soon prove insufficient to maintain them. 
Beeides, all of these petty nations or tribes have their own countries, of which 
they are as much, and sometimes even more, enamored than other people of theirs, 
eo that they would not consent to be transplanted fifty or more leagues from 
the place they consider as their home. And, further, the different tribes who 
live at some distance from each other are always in a mutual state of enmity, 
which would prevent Jh Ai from living peaceably together, and offer a serioni 
obstacle to their being enclosed in the same fold. In time of general contagion* 
diseases, lastly, which are of no unfrequent occnrrenco, a single priest conld u<A 
perform his duties to their fliU extent in visiting all his widely scattered patients, 
and administering to tbeir spiritual and temporal wonts, iiy parish countet. 
{ai less than a thousand members, yet their encampmeuts wer« often more than 
thirty leagues distant from each other. Of the langiiages and dialects in this 
country there are also not a few, and a missionary is glad if ho has mastered 
one of them. 

It remains now to state my opinion concerning the pl&ce where the Caltfor- 
ntiaus came from, and in what manner they effectna tbeir migration to the country 
they iiow occupy. They may have come from dill'erent localities, and ftther 
voluntarily or by aonle accident, or compelled by necesstty ; bnt that people 

* The author prabablj fell into the verj common error of confonndinif dialects nith lon- 
gnaees. Dr. Wulz, relying ou Baschmaan's liogoistlc feseaiches, mentions only tliree pria- 
cwiK laneu^es Bpokeo by the natires of Lower C^ifornia, viz., the Perico, Mooqui, and 
CochiiDi UDguBges. — All^h^oyolog^e der NaturxOlktr ton Dr. Thtodor IfaiU. Lejptig, ISM i 
TOl It, p. 240. ■ v^.ooi'ie 
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should have migrated to Oaliforaift of their own free will, and witbont oompnl- 
Hon, I am unable to believe. America is very lai^e, and could easilj enppoit 
E£ty times itB namber of inbabitants on mnch better eoil than that of California. 
How, then, is it credible that men should have pitched, from free choice, their 
tents amidst the inhoepitable dreariness of these barren rocks 1 It is not impos- 
sible that the first inbabitants may have found Hy accident their way across the 
sea &om the other side of the CeJifomian gulf, where the provinces of Cinaloa 
and Sonora ore situated; but, to my knowledge, navigation never has been 
practiced by the Indians of that coast, nor is it in use among them at the 
present time. There is, fnrthennor^, within many leagues towards the interior 
of the country no kind of wood to be had suitable for the construction of even 
the smallest vessel. Krom the Pimeria, the northernmost conntry opposite the 

eininsnla, a transition might have been easier either by land, after crossing the 
io Colorado, or by water, the sea being in this place very narrow and full rf 
islands. In default of boats they coald employ their balsas or little rafto made 
of reeds, which are also used by my Oalifomions who live near the sea, either 
for catching fish or turtle, or crossing over to a certain island distant two leagues 
from the shore. I am, however, of opinion that, if these Pimerians ever had 
gone to California induced by curiosity, or bad been driven to that coast by a 
storm, the dreary aspect of Uie country soon would have caused them to retnm 
without delay to their own countiy. It was doubtless necessity that gave the 
impulse to the peopling of the pedinsula. Nearly all ncighmring tribes of 
America, over whom the Europeans have no sway, are almo.^t without cessation 
at war with each other, as long as one party is capable of resistance ; but wbea 
the weaker is too much exhausted to carry on the fend, the vanquished usually 
leaves the conntry and settles in some other put at a gnfficicnt distance from 
its foes. I am, therefore, inclined to believe that the first inhabitants, while 
pursued by their enemies, entered the peninsnla by land from the nonh side. 
and having found there a safe retreat they remuned and spread themselves out. 
If they had any traditions, some light might be thrown on this subject; but no 
Califoruiim is acquainted with the events that occurred in the country prior to 
his birth, nor does he even know who his parents were if he should happen to 
have lofit them during hie infancy. 

To all appearance the Oalifomians, at least those toward the south, believed, 
before the arrival of the iSpanlards in their country, that California constituted 
the whole world, and they themselves its sole inhabitants ; for they went to 
nobody, and nobody came to see them, each little people remaining within the 
limits of its small district. Some of those under m^care believed to be de- 
rived from a bird; some traced their origin from a rock that was lying not far from 
my house; while others ascribed their descent to still different, but always 
equally, foolish and absurd sources. 

CHAPTER II..— THBIR HABITATIONS, APPARBL, IMPLEMENTS, AND CTSNSILS. 

With the excoption of the churches and dwetlinga of the misaionaries. which 
every one, as well as he could, and as time and circumstances permitted, built 
of stone and lime, of etono and mud, of huge unbumt bricks, or other materials, 
and besides some barracks which the Indiabs attached to the missions, the few 
soldiers, boatmen, cowherds, and miners have now erected in the fourteen sta- 
tions, 'nothing is to be seen in California that bears a resemblance to a city, a 
Tillage, a human dwelling, a hut, or even a dog-house. The Colifomians them- 
selves spend their whole life, day and night, in the open air, the sky above them 
forming their roof, and the hard soil the couch ou which they sleep. During 
winter, only, when the wind blows sharp, they construct around them, but only 
opposite the direction of the wind, a half moon of brush-wood, a few spans high, 

L,.„l,:ec.y Google 



THE CALIPOBNIAN PENIHtULA. S61 

as a protection againet the mclemency of the weather,* showing thtu that, not- 
withstanding their eimpHcit}', they uaderstand pretty well "how to torn the 
mantle towt^ds the wi]id."t It cannot be otherwise with them; for, if they 
had houses, they would be compelled to carry their dwelliugs always wiLh 
them, like snails or tartles, the necessity of colkcting food urging them to wan- 
der constantly about. Thus they cannot atart every bioming from the some 
place and return thither in the evening, since, notwithstanding the small num- 
ber of each little people, a small tract of land could not provide them with 
provisions during a wnole year. To-day the water wilt fail them ; to-morrow 
they have to go to some locality for gathering a certain kind of seed that serves 
them aafood, aud so they fulfil to the letter what is written of all of us, namely, 
that we shall have no fixed abode in this world. I am «^rtainly not much mis- 
taken in saying that many of them change their night-quarters more than a 
hundred times in a year, and hardly sleep three times successively in the same 
place and the same part of the country, always excepting those who are con- 
nected with the missions. Wherever the night surprises them they will lie 
down to sleep, not minding in the least the uncleanliness of the ground, or ap- 
prehending any iaconvenience from reptiles and other vermin, of which there 
IB an abundance in this country. They do not live under the shade of trees, as 
some authors have said, because there are hardly any trees in California that 
afford shade, nor do they dwell in earth-holes of their own making, as others 
have said, bat. sometimes, and only when it rains, they resort to the clefts and ' 
cavities of rocks, if they can find such sheltering places, which do not occur 
as frequently as their wants require. 

Whenever they undertake to construct shelters for protecting their sick from 
heat or cold, the entrance is usually so low that a person has to creep on hands 
and feet in order to get in, and the whole structure is of such small aimensioas 
as to render it impossible to stand erect within, or to find room to sit down on 
the grotmd for the purpose of confessing or comforting the patient. Of no better 
con£tion are the huts of those Indians who live near the missions, the same 
being oil«n so email and miserable that man and wife hardly can sit or lie down 
in them. Even the old and infirm are utterly indifferent as to their being under 
shelter or not, and it happened often that I found old sick persons lying in the 
open air, for whose accommodation I had caused huts to be built on the pre- 
ceding day. So much for habit. 

As the blue sky forms the only habitation of the Oalifomian Indians, so they 
wear no other covering than the brown akin with which nature has clothed them. 
This applies to the male sex in the full sense of the word, and even women have 
been found in the northern parts of California in a perfect state of nudity, while 
among most nations the females always covered themselves to a small extent. 
They did, and still continue to do, as follows : They understand how to pre- 
pare frvm the fibres of the aloS plant a white thread, which serves them for 
making cords.} On these they string hundreds of small sections of water-reed, 
like )>eads of a rosary ; and a good number of these strings, attached by their 
ends to a girdle, and placed very close and thick together, form two aprons, 
one of which hangs down below the d^tdomen, while the other covers the hind 
part. These aprons are about a 'span wide, and of different length. Among 

* Csptwn BoooeTille pvM a cbeerleM accDnnt of a viUsge of tbe Root Diggers, which lie 
saw in crossing Ihe plain below Powder river. "They live," lays he, "wilhout any further 

Jroieriiou from the iDclemency of the season than a sort of break -weather, about throe feet 
igb, composed of sage, (or wormwood,) and erected around them in the shape of a half, 
moon." — ^athingtou Irmmg: Adttntunt of Caftain itoancriUe, p. 269. 
t Gennon proverb. • 

X It m>7 not be ont of place to mention hero that in Mexico (be dried fibres of the aloA or 
magnej plant (Agavt Auuricata} are a universal sobslitnte for hemp in tbe maoubctnre of 
corSqge and pacibjig-cloth. • OoO»J Ic * 
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some nations they reach down to the kneee ; amoDg others to the calrea, and 
even to the feet. Bolh sidee of the thigha. aa well as the rest of the body, re- 
main perfectly naked. In oider to save labor, some women wear, instead of the 
back-aproDB, a piece of antanned deer-skin, or any woollen or linen rag which 
they can now-a-days obtain. Of the same nntanned akin they make, if they 
can get it, their shoes or sandals, simply flat pieces, which they attach to the 
feet by coarse strings of the above-mentioned alofi, passing between the big and 
small toes and around the ankles. 

Uoth sexes, the grown aa well as the children, wear the head always uncov- 
ered, however inclement the weather may be, even those in a certam mtsaioD 
who understand bow to manufacture pretty good hats from palm-leaves, which, 
on account of their lightness, were frequently worn by the missionaries while 
on their travels. The men allow the hair to grow down to the shoulders. Wo- 
men, on the contrary, wear it much shorter. Formerly they pierced the eats of 
new-bom children of the male ses with a pointed stick, and by putting bones and 
pieces of wood into the aperture they enlarged it to such a degree that, in some 
grown persons, the flaps hung down nearly to the sbonlders. At present, bow- 
ever, they have abandoned this uunatuml usage. It has been asserted that 
tbey also pierce the nose. I can only say that I saw no one disfigured in that 

Sorucnlar manner, but many middle-aged persons with their ears perforated aa 
escribed above. Under certain circumstances, and on their gala days, they 
paint different parte of the body with red and yellow color, which they obtain 
hy burning certain minerals. 

The baptized Indians, of course, observed more decency in regafd to dress. 
The missionaries gave each male individual, once or twice in a year, a piece of 
blue cloth, six spans long and two spans wide, for covering the lower part of 
the body, and, if their means allowed it, a short woollen coat of blue color. The 
women and girls were provided with thick white veils, made of wool, tlfat cov- 
ered the head and the whole body down to the feet: In some minsions the 
women received also petticoats and jackets of bine flannel or woveu cotton 
(hirts, and the men trowsers of coarse cloth and long coate. But the women 
throw aside their veils, and the men their coats, as soon as they leave church, 
because those coverings make them feel uneasy, especially in summer, and im- 

fede the free use of their limbs, which their mode of living constantly requires, 
will mention here that all those goods had to be brought from the city of 
Mexico, since nothing of the kind can be manufactured in California for want 
of the necessary materials. The number of sheep that can be kept there is 
small, and, moreover, they lose half their wool by passing through the thorny 
shrubs, of which there is an astonishing abundance in this ill-favored country. 

It is not to be expected that a people in oa low a state of development as the 
Califomians should make use of many implements and utensils. Their whole 
furniture, if that expression can be applied at all, consists of a bow and arrows, 
B, flint instead of a knife, a bone or pointed niece of wood for digging roots, a 
tnitle-sbell serving aa Ijasket and cradle, a large gut or bladder for fetching 
water and transporting it during their excnrsions, and a bag made like a fishing 
net from the fibres of the alofl, or the akiiCof a wild cat, in which they preserve 
and carry their provisions, sandals, and perhaps other insignificant things which 
they may happen to possess. 

The bows of the Califomians are more than six feet long, slightly curved, 
and made from the roote of wild willows. They are of Uie thickness of the 
five fingers in the middle, round, and become grodnally thinner and pointed 
towards the ends. The bow-strings ore made of the intestines of beasts. The 
shafts of their arrows consist of Mommon reeds, which they straighten hy the 
fire. They ore above six spans long, and have, at the h>wer end, a notch to 
catch the string, and three or four feathers, about a finger long, not much pro- 
jecting, and let into slite made for that purpose. At the upper end of the shaft 
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a pointed pieca of heavy wood, a span and a half long, is inserted, bearing 
nsnolly at ita oxtremJly a nint of a triaognUr ehape, almost reeemblinga serpent's 
tongue, and indented like the edge of a saw.' The Califomians carry their 
bowa and arrows always with them, and as they commence at an early age to 
use these weapons many of them become very skilful archers. 

In lieu of luiives and scissors they use sharp flints for cutting almost every- 
thing — cane, wood, aloS, and even Uieir hair — and for disembowelling and skin- 
aing animals. With the same flints they bleed or scarify themselvea, and 
make incisions for extracting thorns and splinters which they have accidentally 
mu into tlieir limbs. 

The whole art of the men consists in the manufacture of bows and arrows, 
while the mechanical skill of the females is merely confined to the making of 
the above-mentioned aprons. Of a division of labor not a trace is to be found 
among them ; even the cooking ia done by all without distinction of sex or age, 
every one providing for himst'lf, and the children commence to practice that 
necessary art a> soon as they are able to stir a Are. The time of these people 
is chiefly taken up by the search for food and its preparation ; and if their physical 
wants are supplied uiey abandon themselves entirely to lounging, chattering, and 
sleop. This applies particulefrly to the roaming portion of the Galifomian In- 
dians, for those who dwell near the missions now established in the country are 
Bomeiimea put to such labor as the occasion may require. 

CHAPTBB III. — OP TH8IR POOD AND TUB HANNBS OP PRBPABINO IT. 

Notwithstanding the barrendefls of the country, a Galifomian hardly ever dies 
of hunger, except, perhaps, now and then an individual that falls sick in the wil- 
derness end at a great distance from the miasion, for those who are in good health 
trouble themselvea very little about such patients, even if these should happen 
Jo be their huabands, wives, or other relations ; and a little child that has lost 
its mother or both parents is also occasionally in danger of starving to death, 
bec&use in some instances no one will-take charge of it, the father being some- 
times inhuman enough to abandon bis offspring to its fate. 

The food of the Californiaus, as will be seen, ia certainly of a mean qnality, 
yet it keeps them in a healthy condition, and they become strong and grow old 
in spite of their poor diet. The only period of the year during which the Coli- 
fomiana can satiaty their appetite without restraint is the season of the pitaba- 

'as, which ripen in the middle of June and abound for more than eight weeks. 

Che gathering of this fruit may be considered as the harvest of the native in- 
habitants. They can eat as much of it as they please, and with some this food 
agrees sa well that they become corpulent during that period ; and for this rea- 
son I was sometimes unable to recognize at first sight individuals, otherwise 
perfectly familiar to me, who visited me af^r having fed for three or four weeks 
on these pitahayas. They do not, however, preserve them, and when the sea- 
son is over they are put again on short rations. Among the roots eaten by 
the Californiaus may be mentioned the yuka, which constitutes an important 
article of food in many parts of America, as, for instance, in the island of Cuba, 
but is not very abundant in California. In some provinces it is made into a 
kind of bread or cake, while the Califomians, who would find this process too 
tedious, simply roast the ynkos in a fire like potatoes. Another root eaten by 
the natives is that of the alofi plant, of which there*are many kinds in this 
conntry. Those species of this vegetable, however, which afibrd nouriehment 
—for not all of them are edible— ^o not grow as plentifully aa the Californi- 
aus might wish, and very seldom in the neighborhood of water ; the prepara- 

' In the collection of Dr. E. H. Dbtu, of New Tork, tlwre ore a number of arrows ob- 
bdnad lh)m the Indiani of tb» island of Tibnron, in the Galifomian golf. Tim/ aoiwsT, ia 
•vwy rtsped, ibe'deaciipUoB given in the text. OoO»J Ic 
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tions, moreover, which are neceBsary to render this plant eatable, require mnch 
time and labor, as will be mentioned hereafter. I saw the natives oleo frequently 
eat the roots of the common reed, just as they were taken ont of the water. 
Certain seeds, some of them not l^ger than those of the mustard, and different 
sorts in pods that grow on shrubs and little trees, and of which there are, ac- 
cording to Father Piccolo, more than sixteen kinds, are likewise diligently 
sought; yet they furaish only a small quantity of grain, and all that a person 
can collect with much toil during a whole year may scarcely amount to twelve 
bushels.* 

It can he said that the Califomians eat, without exception, all animals they 
can obtain. Besides the different kinds of lai^r indigenous quadrupedd and 
birds already mentioned,! they live now-a-days on does and cats ; horses, asses 
and males ; item, on owls, mice and rats ; lizards and snakes ; bats, grasshop- 
pers and crickets ; a kind of green caterpillar without hair, about a fia^r long, 
and an abominable white worm of the length and thickness of the thumb, which 
they find occasionally in old rotten wood, and consider as a parflcnlar delicacy. 
The chaae of gome, sucb as deer and rabbits, furnishes only a smalt portion of 
a Colifomian's provisions. Supposing that for a hundred families three hun- 
dred deer are killed in the coarse of a year, which is a very favorable estimate, 
they would supply each family only with three meals in three hundred and 
sixty-tivc days, and thus relieve but in a very small degree the hunger and the 
poverty of these people. The hunting for snakes, lizonls, mice and field-rats, 
which they practice with great diligence, is by far more profitable and suppUes 
them with a much greater quantity of articles for consumption. Snakes, espe- 
cially, are a favorite sort of small game, and thousands of them find annually 
their way into the stomachs of the Galiforniaus. 

In catching fish, particularly in the Pacific, which is mnch richer in thai re- 
spect than the gulf of Oalifomia, the natives use neither nets} nor hooks, bnt 
a kind of lance. — that is, a long, slender, pointed piece of hard wood, which they 
handle very dexterously in spearing ano killing their prey. Sea-turtles are 
canght in tue same manner. 

1 have now mentioned the different articles forming the ordinary food of the 
Califomians ; but, besides those, they reject nothing that their teeth con chew 
or their stomachs are capable of digesting, however tasteless or unclean and 
disgusciiig it may be. Thus they will eat the leaves of the Indian fig-tree, the 
tender shoots of certain shrubs, tanned or untanned leather ; old straps of raw 
hide with which a fence was tied togetherfor years j item, the bones of poultry, 
slieep, goats and calves ; putrid meat or fish swarming with worms, damaged 
wheat or Indian corn, and many other things of that sort which may serve to 
appease the hunger they are almost constantly suffering. Anything that is 
thrown to the hogs will be also accepted by a Califomian, and he takes it 
williout fueling offended, or thinking for a moment that he is treated below his 
dignity. For this reason no one took the trouble to clean the wheat or maize, 
which was cooked for them in a largo kettle, of the black worms and little bags, 
even If the numbers of these vermin had b^n equal to that of the grains. 13y 
a daily distribation of about 150 bushels of bran, (which they ore in the habit 
of eating without any preparation,) I could have indoced all my parishionen 

* One malltr, la Oerman, w|^h U about «qalvalsnt (o tweWe bushels. 

tlu (be iniroduction. 

t Veoegns mentioos flafaEng-n^ niatle of tho pita pUnt, (Noticia ie la California, vol. i, p. 
'63.) According: to Baej^rt, (Appeadlt 1, p. 'JSbi,) no anuh plant eiiata in Califumis, and lie 
word "pita" only slgiiLfiei tha thread Iwiated from tho aloe. In refating VGne|ae, Father 
Baegert liardlj ever refers to ths original Hpaniah work, nor mentions the name of ita author, 
but ittlHcka the French translslion. nbicb was published in Paris in the /ear 1767. H« 
probably acted so from molivee of delicacy, Veuegas himself being a priest and brother 
JMoit. The eBlMt of tliis proceeding, as con be imagined, is comical in a tjgh decree, • 

lOgk- 
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to remuD permaneDtly in the mission, excepting during the time when the pita- 
bayafi are gathered. 

I aaw one day a blind man, eerenty yean of age, vho was busily engaged in 
pounding between two atones as old shoe made of raw deer-skin, and when- 
ever he had detached a piece, he transferred it promptly to his mouth and swal- 
lowed it ; and yet this man bad a daughter and grown grand-children. As 
soon OB any of the cattle are killed and the bide is spread ottt on the gronnd 
to dry, half a dozen boys or men will instantly nish npon it and commence to 
work with kmrea, flints and their teeth, tearing and scratching ofT pieces, which 
they eat immediately, till the hide is Ml of holes or scattered in all directions. 
In the miesion of St. Ignatius and in others further towards the north, there 
are persons who will attach a piece of meat to a string and swallow it and pull 
it ont again a dozen times in succession, for the sake of protracting the enjoy- 
ment of its taste. 

I must here ask permission of the kind reader to mention aomething of an 
exceedingly disgusting and almost inhuman nature, the like of which probably 
never has been recorded of any people in the world, but which demonstrates 
better than anything else the whole extent of the porerty, nndeanness and 
voracity of these wretched beings. In describing the pitanayas,* I have al- 
ready stated that they contain a great many small seeds resembling grains of 
powder. For some reason unknown to me these seeds are not consumed in the 
■tomacb, but pass off in an ondigested state, and in order to save them the 
natives collect, during the season of the pitahayos, that which is discharged 
from the bnman body, separate the seeds from it, and roast, grind and eat them, 
making merry over their Idatbeome meals, which the Spaniards therefore call 
the second harvest of the Californians. t When I first heard that such a filthy 
babit existed among them, I was disinclined to believe the report, hut to my 
ntter regret I became afterwards repeatedly a witness to the proceeding, which 
they are unwilling to abandon like many other bad practices. Vet 1 mnst say 



in their favor that they have always abstained from human Sesh, contrary t 
the horrible usage of so many other American nalio 
daily food much easier than these poor Oalifomiane. 



They have no other drink but the water, and Heaven be praised that they 
are unacquainted with such strong beverages aa are distilled in maay Ameri- 
can provinces from Indian com, the alo0 and other plants, and which the 
Americans in those parts merely drink for the purpose of intoxicating them- 
selves. When a Califomian encounters, daring his wanderings, a pond or pool, 
aad feels a desire to quench his thirst, he lies flat on the ground and applies 
his mouth directly to the water. Sometimes the homa of cattle are used as 
drinking vessels. 

Having thus far given an acconnt of the different articles nsed as aliment by 
the aborigines of the peninsula, I will now proceed to describe in what manner 
they prepare their victuals. They do not cook, boil, or roast like people 
in civflized countries, becanae they are neither acquainted with these methods, 
nor possessed of vessels and uteneils to employ for such purposes ; and, besides, 
their patience would be taxed beyond endurance, if they had to wait till a 
piece of meat is well cooked or thoroughly roasted. Their whole process 
simply consists in bnming, singeing, or roasdng in an open fire all such victuals 
as are not eaten in a raw state. Without any foiV^ties the piece of meat, 
the fish, bird) snake, field-mouse, bat, or whatever it may be, is thrown into 
the flames, or on the slowing embers, and left there to smoke and to sweat for 
abont a quarter of an hour ; after which-the article is withdrawn, in most cases 

'iDtrodoctioD. * 

ilbli Btatement U corroborated in all particulan by Clavigcro, in 
,^M, (VeniM, 1789,) voL 1, p. 117. 
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only burned or charred on the outside, tnit etill raw and bloody vitbin. As 
Boon as it has become enfficiently cool, they shake it a little in order to remore 
the adhering dnst or eand. and eat it with great rcllBh. Yet I must add here, 
that they do not previously take the trouble to ekia the mice or disembowel 
the rata, nor deem it neceeaary to clean the half-emptied entrails and mawe of 
larger animats, which tbey have to cat in nieces before they can roast them. 
Beeds, kernels, graesboppere, green caterpillars, the white worms already men- 
tioned, and similar tbinga that wonid be lost, on acconnt of their »mallnesB, ia 
the embers and flames of an open fire, are parched on hot coala, which they 
constantly throw up and ehake in a tnrtle-phell, or a kind of frying-pan woven 
out of a certain plant. What they have parched or roasted in this manner ia 
ground to powder between two Btones, and eaten id b dry state. Bones are 
treated in iQce manner. 

They eat everything ansalted, tbongfa they might obtain plenty of Sflt ; bat 
since they cannot dine every day on roaat meat and constantly change their 
quarters, they wonld find it too cumbersome to carry always a supply of salt 
with them. 

The prvparatioD'of the aloe, alao called metcaU or maguey by the Spaniards, 
requires more time and labor. The roots, ofter being properly separated from 
the plants, are roasted for some hours in a atrong Are, and then buried, twelve 
or twenty together, in the ground, and well covered with hot stones, hnt ashes, 
and earth. In this state they have to remain for twelve or fourteen hours, and 
when dug out again they are of a fine yellow color, and perfectly tender, 
making a very palatable disb, which baa served me frequently as food when I 
had nothing else to eat, or aa dessert after dtnuer'in lieu of fruit. Ent they 
act at first as a pni^tire on persona who ore not accustomed to them, and 
leave the throat somewhat rough for a few hours afterwards. 

To light a fire the Oalifbmians make no nee of steel and flint, but obtain it 
by the friction of two pieces of wood. One of them is cylindrical, and pointed 
on one end, which fits into a round cavity in the other, and by turning the 
cylindrical piece with great rapidity between their bands, like a twirling stick, 
they succeed in igniting the lower piece, if they condnne the process for a 
sufficient length of time. 

The Oalifornians have no fixed time for any sort of business, and eat, con- 
sequently, whenever they have anything, or feel inclined to do so, which is 
nearly tuwuye the case. I never asked one of them whether he was hungry, 
who failed to answer in the a£Grmative, even if his appearance indicated the 
contrary. A meal in the middle of the day is the least in use among them, 
because they all set ont early in the morning for their foraging expeditions, 
and return only in the evening to the place mtm which they started, if they 
do not chooae some other locality for their night quarters. The day being 
thus spent in running about and searching for food, they have no time left for 
preparing a dinner at noon. They start always empty-banded ; for, if per- 
chance something remains from their evening repasts, they certainly eat it 
during the night in waking moments, or on the following morning before 
leaving. The CalifomianB can endure hunger easier and mnch longer than 
other people ; whereas tbcy will eat enormously if a chance ia given. I often 



tried to boy a piece of veuiaon from them when the skin had bnt lately been 
stripped off the deer, but regularly received the answer that nothing was left ; 
and I knew well enough that the hunter who killed the aoimni needed no 
assistance to finish it. Twenty-four pounds of meat in twenty-four hours is 
not deemed an extraordinary ration for a single person, and to see anything 
eatable before him is a temptation for a Califomian which he cannot resist ; 
and not to moke away with it before night would be a victory he is very 
seldom capable of gaining over himself. ^-^ i 

^ " " Digitizecy Google 
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One of tbem reqneated from bis misBionary a nnmber of goata, in order to 
lire, aa he eaid, like « decent maa; that is, to keep houee, to paatare the goata. 
and to eupport faimeelf and hie family with their milk and the flesh of the kids. 
Bat, alaa ! in a few daya the twelve goats with which the misaionary bad pro- 
sented him were all consamed. 

A prieat who bad lived more than thirty years in Oalifomia. and whose 
veracity was beyond any donbt, assured me repeatedly that be bad known *a 
Califoruian who one day ate seventeen watermefonB at one sitting ; and another 
native who, after having received from a soldier six ponnds of nnclariSed sugar 
as pay for a certaio debt, sat down and munched one piece after another till 
the Bis poonds had disappeared. He. paid, however, dearly for bis gluttony, 
for be died in conseqnence of it; while the melon-eater was only saved by 
taking a certain physic which counteracted the bad effects of his greediness. 
I was called mysrlf one evening in great baste to three or fonr persona, who 
pretended to be dying, and wanted to confess. These people belonged to a 
tuind of about sixty soids, (women and children included,) to whom I had given, 
early in the morning, three bullocks in compensation for some labor. When 
I arrived at the place where they lay encamped, 1 learned that their malady 
couaist«d merely in belly-ache and vomiting; and, recognizing at once the 
cause of their disorder, I reprimanded tbem severely for their voracity, and 
went home again. 

CHAPTER IV. OP THEIR MABBIAOES AND THE EDUCATION OP THBIB CHILDBBN. 

As soon as the young Califomian finds a partner, the marriage follows im- 
mediately afterwards ; and the girls go aometimea ao for as to demand impetu- 
ously a husband from the miasionary, even before they are twelve years old, 
which is their legitimate age for marrying. In all the misaioDS, however, only 
one excepted, the number of men was considerably greater than that of the 
females. 

Matrimonial eogagementa are concluded without much forethought or sample, 
and little attention ie paid to the morala or qualities of the parties; and, to con- 
fess tbg truth, there is hardly any difference among them in these respects ; 
and, aa far as good aenae, virtue, and richea are concerned, they are always 
sure to marry their equola, following thus the old maxim : Si vu nubere, nabe 
pari. It happens very often that near relations want to jfijn in wedlock, and 
their engagements have, therefore, to be frustrated, such cases excepted in 
which the impfdimentvm q0initatit can be removed by a dispeneatiou from the 
proper authorities. 

Tfaey do not seem to marry exactly for the same reasons that induce civ- 
itieed people to enter into that state ; they simply want to have a parlncr, and 
the husband, beaidea, a servant whom he can command, although hia authority ia 
that respect is rather limited, for the women are somewhat independent, and 
not much iuclincd to obey their lords. Although they are now duly married 
according to the rites of the Catholic church, nothing is done on their part to 
solemnize the act; none of the parents or other relations and friends are 
present, and no wedding feast ie served up, unlesp the missionary, inaload of 
receiving hia marriage feea, or jura itolae, preaenta them with a piece of meat, 
or a quantity of Indian com. Whenever I joined a couple in mttrimony, it 
took conaiderable time before the bridegroom aucceeded in putting the wedding 
ring on the right finger of his future wife. Aa soon aa the ceremony is over, 
the new married couple start off in different directions in search of food, juat aa 
if they .were not more to each other to-day than they were yesterday ; aud in 
the aame manner they act in future, providiug separately for their support, 
sometimes without living together for weeks, and without knowing anytuing 
of their partner's abiding place. -. , 

DigmzecDy Google 



368 THE ABOBiamAL INHABrrAKTS .OP 

Before tbej irere baptized each m&n took as manjr wives as he liked, and if 
there were eereral siaterB in a family he married them all together. The aon- 
io-law was not allowed, for some time, to look into the face of hia mother-in- 
law or his wife's next female relations, but had to step aaido, or to hide himself. 
when theao women were present. Yet they did not pay much attention to cod- 
eangininity, and only a few years since one of them coaoted his own daughter 
(as he believed) among the number of his wives. They met withoat any 
fbrmalitiea, and their vi^abalary did not even contain the words " to marry," 
which is expressed at the preeent day in the W^cnri language by the ^ra- 
phnse tikire iwKJirf— that ie, " to bring the arms or bani£ together." 'fhey 
nad, and still use, a substitute for the word "husband," but the etymological 
meaning of that expression implies an intercourse with women in general. 

They lived, in fact, before the establishment of the missions in their country, 
in ntter licentiousness, and adidtery was daily committed by every one without 
shame and withoat any tear, the feeling of jealousy being unknown to them. 
Neighboring tribes visit«d each other very often only for the purpose of spending 
Bomc days in open debauchery, and during such times a general prostitution 
prevailed. Would to Ood tliat the admonitions and instructions of those who 
converted these people to Christianity and established lawful marriages among 
them, had also induced them to desist entirely from these evil practices ! Yet 
they deserve pity rather than contempt, for their manner of living together en- 
genders vice, and their ssnae of morality is not strong enough to prevent them 
from yielding to the temptations to which they are constantly exposed. 

In the first chapter of this book I have already spoken of the scanty popu- 
lation of this country. It is certain that many of their women are barren, and 
that a great number of them bear not more than one child. Only a few out of 
one or two hnudred bring forth eight or tea times, and if such is really the case, 
it happens very seldom that one or two of the children arrive at a mature age. 
I baptized, in succession, seven children of a young woman, yet I had to bury 
them all before one of them bad reached its third year, and when I was about 
to leave the country I reconunended to the woman to dig a grave for the eighth 
child, with which she was pregnant at the time. The unmarried people of both 
sexes and the children generally make a smaller group than the marned and 
widowed. 

The Califomian women lie in without difficulty, and without needing any 
assistance. If the child is bom at some distance from the mission they cany 
it thither themselves on the same day, in order to have it baptized, not mmding 
a walk of two or more leagues. Yet, that many infanta die among them is not 
eurprising ; on the contrary, it would he a wonder if a great number remained 
alive. For, when the poor child first sees the light of day, there is no other 
ciadle provided for it but the hard aoil, or the still harder shell of a turtle, in 
which the mother places it, without much covering, and drags it about wherever 
she goes. And in order to be unencumbered, and enabled to uk her limba with 
greater freedom while tanning in the fields, she will leave it sometimes iu charge 
of some old woman, and thus deprive the poor creature for ten or more hours of 
its natnrol nourishment. As soon as the child is a few months old the mother 
places it, pejfectly naked, altraddle on her shoulders, its legs haDging down on 
both sides in front, and it has consequently to learn how to ride berore it caa 
stand on its feet. In this gnise the mother roves about all day, exposing her 
helpless charge to the hot rays of the sun and the chilly winds that sweep over 
the inhospitable country. The food of the child, till it cuts its teeth, cooslste 
, only in the milk of the mother, and if that is wanting or insufficient, there is 
rarely another woman to be found that would be willing, or, perhaps, in the 
proper condition, to take pity on the poor starving being. I cannot say that 
the Califomian women are too fond of their children, and some of them may 
even consider the loss of one as a relief from a burden, especially if they have 
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already some email children. I did not see many Califoroian mothers who 
caressed their children much while they lived, or tore their hair when they 
died, althoagh a kind of dry weeping is not wanting on such occasions. The 
father is still more insensible, and does not even look at his (or at least his 
wife's) child as ton:; as it is small and helpless. 

Nothing causes the Califomians less trouhle and caro than the education of 
their children, wLich ia merely confined to a short period, and ceases as soon 
as the latter are capable of making a living for themselves — that is, to catch 
mice and to kill snakes. If the yonng Caliibmians have once acquired suffi- 
cient skill and strength to follow these pursuits, it is all the some to them 
whether they have parents or not. Nothing ia done by these in the way of 
admonition or instruction, nor do they set an example worthy to be imitated 
by their oUspring. The children do what they please, without fearing repri- 
mand or punishment, however disorderly and wicked their conduct may be. 
It would be welt if the parents did not grow angry when their children are 
now and then slightly chastised for gross misdemeanor by order of the mis- 
sionary ; but, instead of bearing with patience such wholesome correction of 
, their little sons and daughters, they take great offence and become enraged, 
. especially the mothers, who will scream like furies, tear out the hair, beat their 
naked breasts with a stone, and lacerate their heads with a piece of wood or 
bone till the blood flows, as I have frequently witnessed on such occasions.* 

The consequence is, that the children follow their own inclinations without 
any restraint, and imitate all the bad habits and practices of their equals, or 
still older persons, without the slightest apprehension of being blamed by iheir 
fathers ana mothers, even if these should happen to detect them in the act of 
committtDg the most disgraceful deeds. The young Californians who live in 
the missions commence roaming about as soon as mass is over, and thoso that 
spend their time in the fields go wherever, and with whomsoever, they please, not 
seeing for many days the faces of their parents, who, in their tum, do not mani- 
fest tho slightest concern about their children, nor make any inquiries after 
them. These arc disadvantages which the missionary has uo power of amending, 
and such being the case, it is easy to imagine how little he can do by instruction, 
exhortation, and punishment, towards improving the moral condition of these 
young natives. 

Heaven may enlighten the Califomians, and preserve Europe, and especially 
Germany, from such a system of education, which coincides, in part, with the 
plan proposed by that ungodly visionary, J. J. Bousseau, in his " Emile," and 
which is also recommended by some other modem philosophers of the same 
tribe. If their designs are carried out, education, so far as faith, religion, and 
the fear of God are concerned, is not to be commenced before the eighteenth or 
twentieth year, which, if viewed in the proper light, simply means to adopt ths 
Califamian method, and to bring up youth without any education at all. 

(TO BE CONTINUED IK THE NEXT REPORT.) 

'This ttiUonMDt does not sc«m toaereo well with lbs alleged iodiflerGDceortlio CalifomiHii 
Iromen towiuda their eblldren, and the formalities which the CnlifomlanB wore oblig^ ts 
obacTve, when meeting with tho molhoTS and other female relntions of their wivcH, rcuiten a 
total absoDCe of JGutoa^; among them rather doubtful. Dr. Waitz bat also polDloil out tho 
latter dlscropHQcy whjlo citings a number of facta contained in our snthor's nork. (Anthio> 
pologie der Nuturvcelkor, voL iv, p. 250,} Mj ol^cct beinj; Bioiplj lo give on English vet- 
•ioDof Bocgoit'i BCCOunL, I abelam Sxom all commouU onaucb rssl or seeming incongruitieo. 

DigmzecDy Google 
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PBOM THB LONDON ATH£NB[IU. 



Halifax, Nova Scotia, June 21. 1863. 

DuiilNG the last winter's Hcaaion of the Nova Scotian Institute of Natural 
Science, the Rev. JoLu Ambrose, rector of the parish of St, Jluignrtt's bay, a 
district lying on the Atlantic seaboard of this colony, brought to the notice of 
the Institute tlic cxisteace of extenBivc beds of refuse sliclls aud bones, mixed 
with fragioeutB of rude pottery, and perfect and imperfect flint anow and spear 
Leads. Gifted with an inquiring mind, tho gentleman in question naturally 
consideied that their occurrence was not n matter of chance ; and, following up 
the subject, he ascertained that similar beds had been known to exist on the 
shores of Denmark and the adjacent isle^, and that they had received tho name 
of kjtekkcn-mtedding, or kitchen-middiugs, from being heaps of refuse shells, 
hones, &e., thrown aside by the primitive race of men who, in days of remote ■ 
antiquity, vieited annually, or dwelt continuously, in such positions. On perus- 
ing an article published in the report of the Smithsonian Instiiulion for I860, 
which gave an interesting account of the kitchen middings of Europe, aa sur- 
veyed by the Danish archeologiBts, a perfect resemblance to those of the Nova 
Scotiaa coast was at ooce perceived, in so far at least as the few gpccimcne then 
obtained from these heaps proved. 

To endeavor to make a thorough search, and prove the nature of these de- 
posits, the Council of the Institute of Natural Science decided upon having a 
held meeting on the spot where the kitchen middings lay; and, accordingly, on 
the 1 1th of •June last, a largo party proceeded by land from Ilalif ix, the capital 
of the province, to St. Margaret's bay, which is distant, in a S.SW. direction, 
about twenty-t:wo miles. This hay is exceedingly spacious, runs inland some 
eight or ten miles, and is in breadth, perhaps, five or six mites. A few islands 
stand at the cntran'cc as well as at its head, and long, low, promontories, clothed 
with spruce, hirch, and maple, stretch into the water at the UK. corner, forming 
snug coves and sheltered strands. It is on the shore of one of these minor 
bays, having a sandy beach, where canoes could be hauled up easily and safely, 
that tbe principal kjakkm-madding, found by Mr. Ambrose, lay, on a rising 
knoll some twenty feet above the hay at high-water mark. It forma part of a 
grass 6eld belonging to a farm-house hard by, and according to tho^latement 
of the farmer, and tho appearance it presents, has been submitted to little, if 
any, disturbance at the hand of man. The deposit appears to have extended 
about fifty yards or more in length by a well-defined Di-eadth of eight yards. 
Its surface is irregularly depressed and dotted over, on its western extremity, 
with granitic boulders of no great size. The soil which covers the mass is 
similar to that of tlie field in which it occurs, though, perhaps, a litllu darker in 
color. It grows common meadow grass and tho ordinary field plants, and ita 
dipth docs not exceed two or three inches when the shell deposit appears, pre- 
senting a layer of compact shells, perfect and imperfect, in which fie bones of 
animals and birds, flint and quartz arrow and spear heads, large and small teeth, 
and broken pieces of very roughly made pottery, bearing evident traces of 
attempt at ornament This pottery was very dark in color, and conUiined in 
its substance grains of granitic sand, and mica in quantity. From the pieces of 
rim obtained, judging from their curvature, the" earthen vessels could scarcely 
have exceeded the dimensions of a quart bowl. These bowls or cups must 
have been in common oae, as the fragments occur in some plenty. No traces 
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of implements denoting any coonexion with the later iron age occurred, and the 
only objectB <m which the art of man had been practiced beyond the pottery and 
flint weapon-heada were bones sharpened into awls, one of which was ottained 
in a very perfect etat«. 

In the midst, l>ut more abundantly at the bottom, of the refuse deposits 
occurred roandcd stones, from the size of a man's clenched hand and upwards, 
bearing evident traces of having undergone the action of firo. These stones are 
precisely similar to those found on the beach beneath. 

At the bottom of the refuse heap, which occurred at a distance of eighteen 
inches from the surface, a layer of black soil came two inches thick ; then a 
layer of white brown aand of the same thickness ; then came a reddish colored 
earth, getting lighter ae the spade went down, nntil the original foundation of 
hardened drift proclaimed no farther investigation necessary in ihat direction. 
Taking a general view of the surface, the obaervet naturally supposed tliat the 
ronndcd granitic boulders which lie scattered on the heap had afforded seats for 
the primitive people, who rudely cooked their food at this encampment on the 
edge of the wild forest j nor was the aapposition iocorrcct, for on digging around 
these boulders greater masses of ehclls, and more evident traces of tire were 
apparent than in other parts of the heap. The charcoal, in some instances, had 
lost but little of its former consistency, while in others it powdered into dust on 
being handled. This probably arose from the nature of the wood, some kinds 
affording a hard charcoal, and others soft. 

The Fauna of this Nova Scotian IjaJikcR-madding, so far as it could be 
ascertained, was as follows : Of mammals, the moose, (Cfrvua alees.J the bear, 
(Urtus americanutj the beaver, f Castor canaden^s. J and the porcupine, fHy»- 
trix dortata,) wok noticed ; tho beaver and porcupine by their teeth, which, from 
their brightness and compactness, might just have been taken from the jaw. A 
beaver's tooth had the root part rubbed, and smoothed to a head, giving, with 
its chisel-like point, the appearance of an instrument for cutting. Some of 
these teeth were jagged on their edges as if by artificial means. The bonea 
of tho animals had been broken, and, with the exception of a few very small 
ones, none were obtained whole. Of birds, there were the bonea of different 
species, some very large, and evidently belonging to a bird much larger than tho 

frcat northern diver, (Colymbaf glaciali*,) which is one of tho largest wild 
irds in the colony at the present day. The bird bones were also more or leaa 
broken, and one in particular had been opened by means of a cutting instiumcnt 
down the side. Of fishes, the vertcbrK of two or three species, the largest 
measuring about an inch in diameter, while two or three specimens of tho oper- 
cular apiaea of the Norway haddock. fSehasles noncegian*,) wore procured 
among the debris in a perfect state, which led to the supposition thot they were 
nscd for some purpose, such as pricking holes. Of moUusks, the most common 
were the qnahog, ( Venui merccnariaj clam, (Mi/a arenaria,} scallop, (PecUn 
Ulandkui.) C'repidula /omkata and Mylilui cdulit. Of the two foijner species 
nearly the whole mass of shell consisted. Tho mussel abcUs had become so 
iViable that the sligbl«sr touch was sufficient to break them. 

Time did not permit, however, a closer examination to be mode on thia first 
visit to the mounda ; but some members of the Institute, aware of the interest 
attaching to the subject, have decided upon camping out during the ensuing 
summer in the vicinity of other deposits known to exist in various places, and 
hope, by thoroughly excavating the several mounds, to bring to light specimens 
which will doubtless help to prove the age in which they were constructed, and 
the similarity which existed between the manner and customs of the race who 
formed them, and the conatmctors of those placed in like positions on the shores 
of Denmark and Northern Enrope. 

J. M. JONES, 
PretidaU of the Lutitute of Ka(iti;^f(9fiftKa. 



ABSTRACT OF THE FIFTH REPORT OF DR. KELLER 



LAOtrSTEIAN SETTLEMENTS. 



FHOH THE BULLETIN OP THE NATIONAL INS'ITI'UTE OF OEREVA. 



In January, 1854, certain worfee, nndertaken on the shores of the Lake 
of Zurich, at Obenncilen, broneht to view, with tho mud and ooze from the 
bottom of the water, an assemblage of ancient remains, together with piles. 
Dr. Keller, president of the Archieo logical Society of Zurich, published in the 

Spring of 1854 a first report respecting tliia discovery. It was a brief but lucid 
escription, aecompaniea with numerous figures, and the concluKion was even 
then arrived at that there had existed in ancient times, at the point in question, 
habitations built upon pile-work. Discoveries of tbo same kind were rapidly 
multiplied in Switzerland, few savants possessing, in an equal dagree with Dr. 
Keller, tho art of guiding and encouraging others iu the labors of research. His 
correspondence forms a connected course of instruction, strikingly recommended 
by tho unaffected liberality which pervades it, and which naturally evokes a 
reciprocal spirit of frank communication in regard to nit new facts and observa- 
tions. To this concurrence of efforts, directed to different points, which, token 
separately, would havo been of little avail, wo owe the rapid development of 
Swiss archoiolngy ; and it is this also which has enabled Dr. Keller to publish 
a second report on lacnstrian habitations in 1858, n third in 1800, a fourth in 
1861, and now the fifth, with which wo aro at this moment occupied. These 
several reports are all distinguished by an affluence of we 11 -ascertained facta, 
and of accurate fignrcs, os well as by the absence of those idle discnsBions 
and fantastic refleciiona which are still but too rife in matters of archffiology. 
Nor h it a circumstanco unworthy of notice that even our neighbors of Italy 
and Oennany have contributed to swell this fifth report by valuable communi- 
cations pi-i'sented under their own names ; for Dr. Keller is of that class of 
savants who conscitnliously render to cacli whatever is bis due, and willingly 
withdraw tlieniselves from notice in order to give greater prominence to the 
merits of another. 

Unfortunately Dr. Keller only publishes in German, whence his reports, 
though now and then containing an article written in French, such aa the ex- 
cellent paper of M. L. Rochat on the lacustrian habitations of the neighbor- 
hood of Yverdon, are too little known in certain countries. There should be a 
French publication recapitulating the labors of tlie savant of Zurich, but a 
natural rcpngnauco is felt to undertaking such a work while progress and dis- 
covery arc still in full career. Wo shall, tlicrefore, confine ourselves to a 
simple review of the fifth report, which is before ns. 

This report eommcnecs with a notice of ten pages on the Teframara <2e 
rEntilta, by M. P. Strobe, professor of natural history iu the University of 
I'arma, and M. L. Pigorini, u young archaeologist of tho city of that name. 
The German translation is from the pen of M. Strobe], who speaks and writes 
German perfectly well. Three plates, comprising eighty-nine figures, ocoom- 
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puiy this notice, which resemblea those given hj Dr. Keller in its aroidanoo 
of all useleea phraseology. 

In tbe ducby of Parma there occnr, in the level tracts bordering upon rivers, 
deposits uf a peculiar nature, which have been for some time employed, under 
the name of terramara, in the culttire of lauds. They are accnmalations of a 
marshy uatnre, iutcrapersed with beds of river ooze, of charcoal and cinders, 
through the whole of wbicli are thickly strewn the cruahed bones of animals, 
pieces of wood, fragments of pottery, and divers objects in bone, iu stone, and 
in bronze. It is apparent that man once inhabited these places, liable as they 
were to occasional submersion. At one point there was fonnd, in good preser- 
vation, a floor built upon piles, which had been planted in a marshy soil be- 
neath ebailow water, which, by the accnmulation of solid material, had sincv 
become dry land. 

The bronze articles occnring in the terramars are hatchets, reaping-hooks, 
lancc-hcads, poniard-blades, hair-pins, e, small bronze comb, chisels, and awls, 
the whole being of the kind met with in Switzerland and the north, and re* 
garded as characteristic of tbe age of bronze. The pottery is coarse, composed 
of clay mingled with sand, rudely shaped by band, without the use of the wheel, 
sa is still practiced in villages of the Appenine in preparing utensils intended 
to resist the actioa of fire. The vasca present a peculiarity, not as yet else- 
where observed, in being often furnished with small handles, drawn out into 
variously shapc*^ horns and knobs, and sometimes ornamented with stripes. 
Spindle wbirla, plain or striped, are of frequent occurrence. Among the objects 
of bone may be mentioned two combs, embellished with carvings in the manner 
of the bronze age, and among those of wood the remnant of a wicker basket. 
The remains of animal bones have been carefully studied by Professor Strobel, 
who, after having compared them with those of the laciiBtrian settlements of 
Switzerland, described by Profes'sor Butimeyer, of BAle, has had the satiafactiou 
of seeing even the' most questionable of his decisions confirmed by the last- 
named savant. The species thus far recognised by M. Strobel are : remains 
of the bear, the wild boar, the roe-buck, and the stag; and, of domestic animals, 
the dog, the horse, the os, the hog, the goat, and the sheep, all of them races 
occurring in the lakes of Switzerland. To tbia list should be added some re- 
mains of birds, and, among others, of the domestic fowl, with those of terrestrial 
and fluviatile moUueks, still found alive in the country. The vegetable king- 
dom has contributed various kinds of wood, wheat, ftriticum luTgidam,) beans, 
hazel-nuts, pears, apples, ser^' ice- berries, aeorns, and the capsules which encloae 
the seeds of flax. It would appear from the collective circumatancea that tbe ter- 
ramara represents what may be called flie kitchen- middens (hjcekken-mtBddmg) 
of tbo age of bronze, formed iu co-operalion with the alluvium of rivers. 

Jjaeuatrian settlement at Peseliiera, <m lioke Garda, in Italy. — M. de Silbcr, 
Austrian officer of engineers at Verona, reports that, in dredging at the entrance 
of the port of Peschicra, remains of pile-work were found, cntii-cly buried in tbe 
mud at the bottom of the water, while the mud itself contained nnraerous ob- 
jects in bronae, of which Dr. Keller gives three plates of figures. These con- 
sist of poniard-blades, hair-pins of various shapes, hooks, or amall flah apears, 
a knife, and some small remnants of clothing, all bearing much resemblance to 
thoae taken from the lakes of Switzerland. Among tbese objects from Peschicra 
are aome of copper, which leads Ot. Keller to disaeut from tbe generally re- 
ceived idea that the age of bronze, properly so called, had its origin in Asia, 
since Europe would then have had no age of copper, forming the necessary 
stt^c between the age of stone and that of bronze. Ur. Keller presents, in sup- 
port of hia opinion, a plate comprising the figures of twenty-eight objects of red 
copper, chietly hatchets and coins, found in Hangaiy and Transylvania, and 
he adduces the testimony of e, friend of bis, who resided long in Uuogary, and 
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who affinns that thcae objects of copper are frequent in tbe conntriea of tbe 
lower Danube. 

Lacuttrian tettiemaU* of (he Vntertee, that is, of the portion of the Lake if 
Coiutance to the eatt of the e'Uij of Corutance.— For several years an extensive 
pile-work of the age of stone, situated near ihc village of Wangen, at one league 
* and a hulf from Stein, had been used, with a view to tbe trade in iintiqaitied, 
by one Lcehle, under the direction of Dr. Keller, who baa Bpokeii of this locality 
in previous reports. Recently M. K. Dehoff, employed in the customs of the 
grand dncby of Baden, has explored the whole Uaden part of the Untcrsce, 
and his account, occupying nine pages, is given with the ekill of a mailer, and 
the precision of a mathematician. Many of the observations already ma^c at 
Waugen are here reproduced, but several interesting reanlts of a general nature 
flow from them. In the first place, there is the absence, in all this region, of 
pile-wnrka belonging to the age of bronze, all those esplored up to this time 
having furnished, besides pottery, bone, buck-horn, &c., only stone, without 
any trace of metal, which does not import, however, that none will ever be 
found. Another curious remark ia, that flilcx of foreign production occurs, un- 
ahaped and in nbnndance, at certain localities, denoting a place of fabrication, 
while elsewhere it ia wholly wanting, as if the division of labor had existed, 
not only among individuals of the same settlement, but among the tacustrian 
villages, to some of which the preparation of instrumenta of silex, for the com- 
mon supply, had been specially assigucd. It ia also a striking circumstance 
that in these settlements without metals are not unfrequently found hatchets 
of serpentine of excellent form, so ingeniously and even ornamentally wrought 
that we might be inclined to refer them to a later age, characterized by greater 
advanees in art, and by the employment of bronze. On the other hand, such 
handles of buck-horn for the stone wedge as are found at Meilen, at Moossedorf, 
and elsewhere, arc almost entirely wanting in the Untcrsee. Here the usnal 
form of handle for the stone wedge was tno branch, bent and notched with a 
ligature lo retain tbe wedge in the notch. Two plates, with twenty-seven fig- 
ures, accompany the memoir of M. Dehoff, comprising, among others, the plan, 
with aections, of the pile-work near Alleusbach, tbe place of each pile being 
indicated, which gives, for the first time, a complete and correct idea of the 
subject. In concluding, H. Dehoff furuishes also some information respect ing 
the prolongation, towuids ihc northwest, of the Lake of Constance, called 
Ueberlingersee, which presents, in respect to lacustrian settlements, the same 
features with the Untcrsee. 

Thefaicive-work of Nieder- Wi/t, near Frauenfeld, canton of Thurgau. — Dr. 
Keller, whilo ho gives tho French term fascinage, calls it in Crcrman pack- 
verkhav, corresponding somewhat to that which is known in Ireland under 
the name of cramwge. A small lake, or, more properly, a natural pond, tilled 
with peat, was subjected to exploration. At one point tbe workmen reached, 
at a depth of from two to three feet, under the surface of tho peat-moss, a, col- 
lection of wood and solid matter, fonniog a sort of isle of about 20,000 square 
feet, around which there was a depth of eight or ten feet of tho peat before at- 
taining the ancient bed of the lake. This isle was ascertained to be on artificial 
eeu»tvuction, which had served as afoundationforhabiiations. To tbeselectcd 
point in tbe lake it seems that logs and boughs were brought, bouud together 
lu ntlV'4. and loaded with sand to make them sink, piles being driven around to 
liturk (ho limits of tho construction, and the operation repeated till it rose above 
Ihe surface of the water. A floor of logs, in close juxtaposition, waa then laid 
U|K>n »\\\» regularly arranged, and this hoor was covered with a layer of com- 
|v.tv'ii'il elay. upon which tho dwellings were erected. These dwellings were 
)i>< ui'Kul-tr, bein^, on an arerago, twenty feet long and twelve wide. The 
st.il' : ihti'M of which were attll in place, were formed of logs split into rough 
b.\t.d>. ii-iitiui'd between stakes or posts planted vertically at suitable inter- 
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vals. Id ibe comer of oae of these dwellinga there was foand a hearth formed 
of unwrought fli^-stones, etill covered with coals aud cinders. The Qoors, 
having sometimes auok, at one point or other, to the extent of several inches, 
even a foot or more, the level hud been restored hy filling up the cavity. It 
would seem, in some iostonces, that the entire floor had sunk beneath the level 
of the water, aod new ones been couHtructed above, since the remains of articles 
of domestic use or production occur between the two courses. The dwellings) 
which seem to have been covered with thatch, were distant fiom one another 
only two or three feet, aud it is in these interstitial spacea, where tlie floors 
were mote or less iuterruptcd, that the remains of human industry have been 
chiefly discovered. This settlement bears no marks of having been destroyed 
by fire ; it appears to have been voluntai'ily abandoned. At all events, its re- 
mains oru the most complete and best preserved which have been yet dis- 
covered in Switzerland. 

The constructions discovered by Colonel Suter, of Zofinguen, in the peat- 
moss of Wauwyl, much reaemble those just described, only at Wauwyl they 
are more primitive and less skiltully combined, although thoseof Niederwyl be- 
long to the age of stone, aa well as those of Wauwyl. The researches at 
Niederwyl have disclosed hatchoM of atone, wheat and tissues of flax, both 
charred, fragments of pottery, and bonea of animals, which hud served for food. 
We owe this interesting discovery to the zeal of M. Pupikofer, who has super- 
intended the excavations made by M. Measikommer. 

hacMtrian seitlcmeat near Zug, described l>y Professor Mufillterg, ofZug. — 
In the suburbs of Zug, ou the road leading to Cham, workmen were digging 
the foundations of a house, when, at a depth of five feet, a duik -colored bed of 
decomposed organic matter was cucouutoft^d, in which were found hatchets of 
Btone, fragments of silex, huUa of hazel aud beach nuta, appIe-l^eGda and animal 
bones, together with the topa of atakes planted vertically, on some of which 
still rested eroas-pieces of wood. Here, there were evidently the remains of a 
lacuatriau settlement of the age of stone, embosomed in the solid earth which 
had gradually encroached upon the lake. The bones have been examined by 
Professor Itutimeyer, of Bale, and he has distinguished the cow, of that race 
which he names after the puat, the peat hog. the peat dog, the roe aud the deer. 
Settlement of Eberxberg, canton of Zarkh. — In a sequestered spot, at the 
back of a hill called the Eberoberg, near the ithine, ancient remains have been 
found, which M. Eaclicr do Berg has described in vol. vii, 4th part, of the Me- 
moirs of the Archaeological Society of Zurich. M. Esclier resumed his re- 
searches in 1862, and haa drawn up an account of hia explorations, which were 
continued for 64 days. This site has a peculiar interest, for it presents the re- 
mains of a settlemeuL on terra firma, and an assemblage of objects entirely 
corresponding with those which characterize the lacuatriau habitations of the 
age of bronze, for instance, in the lake of Bienne. Under 5 or C feet of detri- 
tus, an ancient surface of well-rammed clay was brought to light, and on thia 
surface were discovered near one another the remains of two rectangular ovens, 
5 to 6 feet long by 3 broad, formed of siliceous pebbles and clay mixed with 
much sand. Beyond these there was a pavement of pebble stones, aud it was 
on these substructions that the bed coutaiuing antique articles immediately 
rested, while the thick maas of superincumbent humus was entirely destitute 
of them, .In the bed apoken of, the very first excavations had yielded a cres- 
cent of stone skilfully cut. In the recent excavations a aeuond crescent has 
been disclosed, but compoaed of baked clay, preciaely like those taken by Col- 
onel Schwab from the lake of Bienne, and which were probably used in the 
religious rites of the time. These later researches hare also yielded : fragments 
of flint, wedges or hatchcta of serpentine, stones for cmsliing grain ; and, of 
bronze, two knivca, some dozens of hair-pins like those of the lakes, several 
Email chisels, an arrow-point, a number of rings aud of plates of metal orna- 
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mented with lines. Other objects obtained are: ahead of glass or of blue and 
white enamel, Buch as we now have from the lakes of Bienue and Nenfchatel ; 
buok-lioRia carved ; foKeil teeth of the shark takoD from the molasse of the 
country ; epiudle-whirls of baked clay ; pottery, like that of ihe bronzc-eites 
in the tokc^j cones of baked clay, with a hole at top, designed doubtless as 
weights to stretch the threads in the process of weaving; aud pieces of the 

■ clay facings of the walls of wicker-work, bearing the impression of the branches 
or osiers destroyed by fire. Bones of animals were by uo means wanting, and 
they have bcca ascertained by Professor Rutimeycr to pertain to a cow of lai^ 
species, to the hog, the goat, the deer and the roe-buek. 

Lacustrian srttlement itf Itohmkausen, at Lake PIdffikon, canton of Zurich. — 
Of this notice baa been Ukcu in previous publications of Dr. Keller. M. Sles- 
sikommcr continues to make cxploi'atione, leading to interesling observations 
and to tho disci.ivery of objects, often of great curiosity, which, after having 
submitted them to the inspection of Dr. Keller, he offers for sale. This local- 
ity is situated in a moss, at the east end of the Ittke, which there had but llttlfl 
depth, and where the growth of the peatrhas by degrees advanced tho limits of 
tho dry land. To arrive at the bed containing piles and antique objects, it is 

jneceasary to remove some six feet of peat ; this i-eqnirea long continued exhaus- 
tion, but the objects are in a remarkable state of preservation. Tho report on 
recent researches is drawn up by SI. Messlkommer, who even indites some 
pleajiiug verses on the occasion, lie has remarked that the objects are found 
more or less grouped, according to their nature. Thus, at certain points, char- 
red cereals occur in abundance ; elsewhere flax prepared for spinning ; furtlier 
on there msiy he flax woven or platted, and at still another place numbers of 
Ihose perforated cooes of baked clay which pertained to tcxtorinl operatiooa. 
At one point M. Messikommer discovered that under tho floor of the ancient 
dwelling there was a formation of peat from 2 to 2.j feet deep, beneath which 
was fonnd another floor, still more ancient. We must infer that the place was 
long inhabited and dnring tho age of stone, for not tho least trace of metal has 
been met with. 

The new aequisitions at Robenhausen, to which Dr. Keller has- appropriated 
two platen, are ; a tanoc formed of the lipllowed ti-unk of a tree, 1:^ feet long 
by 1^ wide, with a depth of 5 inches (the Swiss foot has 10 inches and is 
equivalent to 0,3 of a meter;) some well fashioned bows of yew wood; an 
aiTow point of silcx, still att^ichcd to its wooden staff by means of flax thread 
and mineral bitumen; a hatchet or wedge of stono fixed transversely in a 
wooden handle, somewhat club-shaped; another batehet of stouG fixed inapiece 
of buck's horn, wbicli again was fastened transversely to the handle of wood. 
This last arrangemeat was also met with at Concise, but the stupendous im- 
postures practiced at that locality throw suspicion on whatever comes from it. 
especially when it is known that the count eifciters went so far as to cast their 
owu fabrications into the lake, that they might be afterwards drawn up by tho 
dredge before the eyes of the amateurs. At Jtobenhausen, divers articles of 
wood also have been collected, such as knives, basins, implements which served 
perhaps for beating butler, and large spoons liko those for skimming milk. 
Among articles of flax, recently obtained, may be mentioned a portion of a girdle 
or ribbon quite skilfully woven, so as to present a small figure in squares of 
very neat appearance; also remnants of lishing-nets, with med he a- measuring 
0,05 of a meter on the aide; and, lastly, a bit of cloth to which a pocket is at- 
tached by sewing, 

Sel/lcmen/ in l/ie lake of Boarget, in Savoy. — Baron Despine having drawn 
attention to a pile-work in tho lake of Bourget, the Savoyard yociety of liistory 
and arehffiology caused i-eseachea to bo made, under tho direction of MM. Des- 

S'ne and Delaborde. M, Rabnt Ijaurent has given an account of them, in the 
ullotin of the above Society, from IStil to 18C3, second number, p. 41, aud 
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this report is here republtsbed by Dr. Keller. At the point in (Jaestion there 
have been found articles of pottery, calcined bones, a Btono hikmmer. a small 
bronze ring, ears of wheat, acoma, hazelnuts, cherry-Btoaes, grains of millet, 
and, what has not been yet met with in Switzerlund. hu^ks of cheetnuts. Professor 
Desor al?>o bos made explorations in the lake of Bonrget ; and 1^. Louis Revon, 
the zealous and able dircctor^f the museum of Annecy, has commenced them 
in the pile-works of the lake of Annecy. 

Lifikf of Nrneidtel, nfw dttcoveries of Colonel Sckioab, 4 plates, comprmng 
71 figure*. — The indefatigable colouul'has caused dredgiiigs to bo executed Rt 
ni'verul points and has considerably enriched his admirable cnllcction ut Bieune. 
Certain objects reappear in indefinite numbers, such as hair-pins of bronze, but 
from time to time now and curious articles repay the zeal of the antiquary. 
We may distinguish of this clu^s, a wheel of cast bronze, 0.49 of a meter in 
diameter; it has four radii, which, equally with the perimeter, ore hollow. The 
nave, also hollow, is prolonged on both sides, making its entire length 0.50 of 
a meter. Near this wheel, thirteen small objects of the crcacent-moon shape 
were found, each with a handle perforated at the end, as if to suspend the ob- 
ject, which is of bronze cast in a single piece. These, as well as the wheel, 
were perhaps employed in some religious ceremony. Similar small crcecents 
appear also in the; exquisite collection of Madame i^'ebvrc. of Chiseul, nt M&con, 
a French lady, whose 83 years place in stronger relief the artistip discrimination, 
as well as the rare and high-bn-d courtesy of the venerable owner. Among 
the new acquisitions of Colonel Schwab we should further specify a sling of 
platted flax, exactly like one brought from the Sandwich IslandK, and to be seen 
in the museum ot Berne; also several beads of amber, and others, oblong in 
form, of blue glass or cn-uncl, around which is encrusted u Rpinil of white enamel. 
These glass lieada have been m;;! with at four stations, whose characteristics 
clearly assign them to the nge of bronze. In Mecklenberg, also, beads of blue 
glass, but of simple formation, have been twice found in tombs of that age. 
It is to the age of bronze, tlicn. that we must refer the appearance of glass, but 
only in the shape of such beads ; and even these are extremely rare at that 
epoch, at least in countries north of the Alps. 

Of all Colonel Schwab's discoveries, the most curious is the product of a 
station of the ago of bronze near Coiitaillod, being a dish in terra cotta, fash- 
ioned by the unassisted hand, having a diameter of 0.39 of a meter and a height 
of 0.4 of a meter, and inlaid on the inner surface with small plates of tin. 
These plates, which are tliem^eUcs embellislicd with carved lines, are so ar- 
ranged as to form a geometrical design surprisingly rich and ingenious, com- 
prising among others a circuit of figures, which recall those, in the Greek man- 
ner, seen on Etruscan vases. The surface of the vessel had been blackened 
and rendered lustrous by being rubbed with graphite. It has not been ascer- 
tained by what miMns the tin was made to adhere to the surface of the material. 

The above notices are followed by some account of tlie stations of pile-work 
in the lakes of Sempach, BalJegg and Slaucn. and by a brief memoir of pro- 
fessor Dcicke on the researches made by M. Ullersbet^er of Uberlingor in the 
lake of Constance. The publication of Dr. Keller concludes with 7 pages of 
remarks on the book entitled haeastriun Habilatioiu of Ancient and Modem 
Times, bij F. Troi/on. After having long kept silence. Dr. Keller at length 
raises his voice to I'octify the errors and refute the absurdities of the book in 
question ; a book which tends to induce obscurity, where it would be so de- 
sirable to proceed by sober investigations, set forth in simple and precise terms. 
Dr. Keller incidentally notices that his own reports have been entirely absorbed 
in the work of M. Troyon. The distinguished savant of Zurich could say no 
more, for he is not one to eompimn of having been unfairly laid under contri- 
bution. In tho remarks «pokcn of, he shows that the collective phenomena of 
lacuatrian settlements seem to evince a gradual and peaceful devclopmeat of 
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civilization ip Switzerland, from the age of etooe to the Roman epoch, without 
on' indication of violent social convnlsiona or induetdal revolutions, snddenl^ 
snpcrinduced by external and intmeive influences. It is doubtless pictureeque 
to uum periodically, as M. Troyon does, all the lacustrian cities ana to tnasea- 
cre tlieir population. But it is more rational to recognize, as Laplace did at 
the close of his long and brilliant career, that what we know is little, while 
what we do not know is immense I 

A. MORLOT. 

P. S.— The Bovcntccnth plate of Dr. Keller is not alluded to in the test of 
the report; it contains plans of the lakes of Ncuchatcl, fiicnne, llorat and 
Sempach, with an indication, according to the reBearches of Colonel Schwab, 
of all the lacustrian stations discovered, distinguiehing them as respectively 
dating from the age of stone, of bronze, of iron, or finally from the Roman 
epoch, for there arc a few where Roman objects have been found. Professor 
Vagt has published a work on man, Vorleaungun neber dett Mensehcn, in which 
he Beverly criticises certain parts of H. Troyon's " i.acuBCrian Habitations," 
upon which Dr. Keller had not animadverted; and the central organ of German 
urchasology, published at Numberg, AmelgerfiiT kunde der dcuischen vorzeit, 
equally takes ground against M. Troyon's book. (See Bcilage, No. 10, Octo- 
ber, 1863, page 373.) 



ioy Google 



AORICULTURAL IMPLEMENTS 

OP THE 

NORTH AMERICAN STONE PERIOD. 

BV CHAS. RAU, OP NEW YORK. 

My collectiou nf Indian stone implements contains a nnmlier of spccimenB 
remarkablo alike for large size and Buperior workmsneliip, whicb, to all appear- 
ance, have been need for agricultural purposes by t be aborigines of tbis country; 
and, as no description of similar relics baa appeared as yet in any modern work 
on Nortli American etlinology or antiquities, a notice thereof roigbt be acceptable 
to all wbo take an interest in the former condition of tbe aboriginal inbabitants 
of Nortb America. ' 

The implements in question are of two distinct forma, represented in tbe wood- 
cntB, figures 1 and 2, and may be classified, from tbeir shape and probable 
application, as ihonch and haei. The material from which they are chipped, 
and which I never sueceeded in discovering in eilu, ia invariably a very bard 
flint of a bluish, gray, or brownish color, and a slightly 'eonchoidal fracture, and 
quite unlike that variety of Dint of which the arrow and spear heads occurring 
in tbe west are usually made. 

Fie. 1. Fig. S. 



Fig. 1 represents one of the shovels in my posaession. Like all other epeci- 
mena of tbia kind, it is an oval plate, flat on one side and slightly convex on tbe 
other, the outline forming a sharp edge. It measures above a foot in length, a 
little rnorc than five inches in its greatest breadth, and ia about three-quarters 
of an inch thick along the longitudinal diameter. The workmanship exhibits 
an admirable degree of skill. Besides the specimen jnst described, which was 
discovered in a field near Belleville, St. Clair county, Illinois, I possess two 
others of similar shape and workmanship. The one of these last named I found 
myself within sight of the celebrated Cabokia temple-mound in Illinois, in the 
construction of which it may have assisted centuries ago ; the olher was dug up 
in 18G1 in St. Louis, while earthworks were built by order of General Fremont 
for the protection of the city against an apprehended attack of the southern 
secessionists. When attached to solid handles, these stone plates certainly con- 
stituted very efficient digging implements. 

Fig, 2 illustrates the almpe of a boe. This specimen, whicb waa obtained 
from a burial-mound near Illinoistown, opposite St. Louis, is seven and a half 
inches long, nearlysix inches wide, and about half an inch thick In the middle; 
the round part is worked into a sharp edge. Another specimen of my eollec- 
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tion, of eqnal workmanBhip but inferior in size, woa found, after a heavy rain, in 
a garden in the city of Belleville. The fastening to a handle was facilitated by 
the two notches iu the upper pait, and, in order to constitute a hoc, the handle 
was doubtless attached iu such a manner as to form a right or even an acale 
angto with the stone plate. 

If the shape of the described implements dtd not indicate their original use, 
the peculiar traces of wear which they exhibit would furnish almost conclusire 
evidence of the manner in which they have been employed ; for that part with 
which the digging was done, appears, notwithstanding the hardness of the mate- 
rial, perfectly t^mootb, as if glazed, and sliehlly striati'd in the direction in which 
the iiupkmcnt penetrated the ground. Ihis peculiar feature is common to all 
BpecimcDB of my collection, and also to the tew which 1 have seen in the pos- 
ecBsioQ of others. They seem to be rather scarce, and merely coufiued to the 
States bordering on the Mississippi river. l)r. E. If. Davis, of New York, has 
none of them iu his excellent aujd comprehensive collection of Indian relics, and, 
consequently, does not describe or reprcEcut them in hiB work on the "Ancient 
Monuments of the Mississippi Valley," forming the first volume of the Smith- 
Boniau publications ; nor am I aware that Mr. Schoolcraft has mentioned them 
in his large work on the North American races. 

A passage in the " History of Louisiana," by Du Pratz, refers, doubtless, to 
the implements described by me as hoea. In speaking of tlie agricuitural pur- 
suits of the Indians of Louisiana, that author obBorves, ihcy had invented a hoe, 
(piochc.) with the aid of which they prepared the soil for the culture of maize. 
" TAcse fioes," he says, " are shaped liie a capital L ; they cut with the edge 
of Ike lower part, which w entireli/ fiat."' It ifl true, lie does not mention of 
what material this "lower part" consisted, hut we may Boiely iuj'er that it was 
8t»ne, the substance from which the aborigines of North America manufactured 
nearly all their implements of peace and war. They had no iron, and the 
scanty supplies of native copper, deiived from the region of Lake Superior, were 
almost exclusively used for ornamental purposes. 

The fact itself that simple agricultural utensila of Indian origin arc occasion- 
ally met with is by no means Hurprieiug, for we know from the occonntB of the 
early writers that many of the North American tribes raised maize and a few 
other nutritious plants before the arrival of the Europeans on this continent. 
Maize was, however, their principal produce, and that on which they mainly 
depended. In describing tho ill-fated Mississippi expedition of De Soto, Gar- 
cilaso de la Vega speaks repeatedly of the extensive maize fields of those Indian 
tribes through whose territories that band of hardy adventurers passed. During 
an invasion of the country of the Senecas, made as early as 1(387 under tho 
Marquis do Nonville, all their Indian corn was burned or otherwise spoiled, and 
the quantity ^hus destroyed is said to have amounted to 400,000 minots, or 
1,200.000 bushels. t It ia even asserted by Adair, that the colonists obtained 
from the In-lianB " different Borts of beana and peas with which they were before 
entirely uiuicquainlcd."J 

From these and other facts, which need not be cited iu this place, we learn 
that the North American Indians generally, though warriors by disposition and 
hunters by necessity, had, nevertheless, already made some steps towards an 
agricnl'nral state. But the events that happened after the arrival of ihe whites, 
mstea^ of adding to their improvement, served only to lower their condition, and 
reduced them, finally, to the iwsition of strangers in their own land. 



t bocumeutary. History of Kew York, vol. i, p. 238. This eEtimale may be lomewhat 
azograralifd. 
t Tno Histoij of the AmcricBO Indians, by James Adair, (London, 1775,) p. 408. 



ANCIENT FORT AND BUBIAL-Q BOUND. 

Pebry City, New York, January 25, 1864, 

The remaiaa of an ancient fort and bn rial -ground exiBt about one-half mile 
northwest of Waterbnrg, a email village in the town of Ulyasca, Tompkina 
county, New York. When Uie country about here waa unsettled, some eixty 
years ago, the remains of this monument of a former period waa plainly to be 
seen. The fort (by which name it is called and generally known about here) 
was situated on a rise of ground some twenty-five or thirty feet above the level 
of a stream of water — Tonghanic creek — largo enough, when the country was 
new, to run a saw-mill four or five months of the year, the creek foiming the 
Bontheastem boundary of the lot. 

The " fort lot" contained eight or ten acres, perhaps, and around its eastern 
and northern aides aa embankment was thrown up several feet in height. At 
this time it is not more than one foot, or near that; but, before it was jilanghed, 
it was considerably higher than at present. At the northwest cstrcmity of 
thid embankment a ditch was dug at right angles to it. Around the oatside 
of the embankment posts were set, which, perhaps, served the same or a similar 
purpose to that which onr fence-posts do now. These poets were set into the 
ground to a depth of three feet, and judging from this wc should be led lo con- 
clude th.tt they estcnded above ground eight or ten feet. On the west side 
there were three rows of posts, but no embankment that could be discovered. 
But it is very probable that the ditch, of which I have before spoken, extends the 
whole length of the west side, though it can now be traced but a litlle way. 
At the northeast and southeast comers there were gate-posts set, where the 
gates were situated, which afforded egress and ingress to the camp. The south- 
east gate was calculated to afford a direct passage to tbo stream of water before 
mentioned, while the other one led directly to a burial-ground. On the southern 
and southeastern sides there is a bank fifteen or twenty feet in height, and 
pretty strop. Posts were here set part way down the bank so that a bridge 
might be formed over the bank for some purpose besides preventing anyone 
from entcrin* from that side. Mr. Jonathan Owen, (an aged farmer who reaidea 
near the fort.) from whom I have most of my information, thinks that the inhab- 
itants of the enclosure had access to the creek by an underground passage. Let 
this bo as it may, it is very evident, from the appearances around, that they 
guarded against enemies on all sides, thus showing that some other party or 
nation was hostile to them. 

About sixty years ago everything that I have described was distinctly visible. 
Parched Indian corn was seeu in considerable quantities in various places. 
The corn, in fact, was burnt black, and everything else showed that the whole 
stmctui-c had been destroyed by fire. If it had rotted down or decomposed in 
the ordinary way, it is not probable that the wooden part of the fabric would 
have remained many years. The part of the posts that entered the ground had 
been burnt to charcoal. It is probablo that large quantitica of Indian com 
which were put up for future use were destroyed by fire. Mr. Owen stated that, 
"after digging through about two incbcs of loose dirt." he came to a bed of 
about tbo same thickness of bones, oyster, and clam shells, and a considerable 
ity of carthcnw.ire. The bones were principally deer's bones. Below 
Vila a. bed of ashes of nearly the same thickness. The remains of their 
earthenware showed that they had made some prosress in the arts. 

When tJic embankment around the northern and eastern sides wns ploughed 
it was found to bo composed of a loose mucky earth, very much resembling 
earth formed mostly from rotten wood. This led Kr. Owen to the conclusion 
that the embankment was formed of logs covered with earth. Its being covered 
with earth to some depth would prevent the logs from taking fire when the 
Btiuctnre waa destroyed in that way. O tlOolc 
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A part of tbe embankment extends into the woods on the north side, and on 
it are growing Bcveral trees, ono of them a pine tree 3J feet in diameter. This 
tree hua undoubtedly grown where it is eincc the eoihankmem was maJc. The 
tree must be several centiirios old. This, and in fact evcrythiag around it, 
testifies to the comparatively great antiquity of the fort. 

A few roda to the west of the enclosure, on a knoll, there were two burial- 
groundt), wbero the dead bodies of the inhabitants were deposited. Sisty yeara 
ago, according to my father, *' a hundi-ed graves could be counted in a row." 
1 lie^e biirial-groundH were quite extensive, embracing not less than two or three 
acres. In n nurthca.it direction, about tit'tecn rods from the fort, wag another 
burial-ground. The northeast gate, as before mentioned, led directly to this 
one. This burial-ground contained at least half an acre. Id all of them tbe 
bodies were ns thickly deposited as they conveniently could be. The fast 
burial-ground mentioued is atill visible, it being in the woods ; but the other two 
have been ploughed, so that tbey cannot be distinguished at present. In tbe 
one that is now distinguishable, I have assisted in digging out several graves. 
In some, bones were found; while in others, nothing of the kind were seen. 
Wherever there is a grave tbe earth is sunk a little. In the filat one that 
was opened we found the thigb-bonea, hip-bones, anu-bonea, and various other 
smaller ones. A jaw-bouc and several teeth were fonud, but no bair. We 
used nothing but our bands to throw out the earth with ; otherwise, it is prob- 
able, we should have found more things. The earth was very loose, and it was, 
consequently, easily thrown out. Tbe depth of the grave waa about 3^ feet. 
One grave, iu which several bones were found, was under a root of the stump 
of a largo pine tree. This tree was, perhaps, from three to sii hundred yeara 
old. and it is probable that it has grown there since the grave was made. 

All things indicate that these people were buried in a sitting posture. The 
graves arc very short, not being more than four feet in length. Also the jav, 
hip, and thigh bones were all found together, just as they naturally would be if 
tbe body was buried in a sitting posture. 

Various little trinkets have been found on the "fort-lot" at different times. 
A great many arrow-puints have been found there, made of the hardest flint 
stone. Stone hatchets, or axes, have also been found. Several years since, a 
neighbor, Mr. David FniTington, found a pipe there, probably used for smoking 
tobacco ; the stem was not very long, but of a sufficient size to admit a wooden 
stem of any length ; the pipe-bowl had the face of a frog formed on it. 

Within tbrec miles of here there arc three other similar forts to tbe one which 
we have here described. 

DAVID TROWBRIDGE. 



remains of an ancient town in minnbsota. 

Itasca, Anoka County, Minnesot*, 

November 2.5, 1S63. 

Dbar Sir: Presuming th.it your Institution is tlie proper ono with which 
to file a report of new discoveries, I take the privilege and pleasure to inform 
yon that indications are favorable to encourage the belief, that upwards of one 
hundred years ago there existed at the month of Crow river, where it empties 
into the Mississippi, 24 miles above the Falls of St. Anthony, a town compris- 
ing at least seven hundred inhabitants. I have commenced collecting the ar- 
ticles that have been found, with the intention of forwarding the same to you if 
you desire me to do so. 

We presume that the viHi^c was destroyed by fire of an enemy, for these 
reasons : we find the outlines of tbe buildings forming ridges of earth, onder 
which arc ashes, indicating fire; we also find human Donca near the anrface, 
which leads to the belief that they were not boried. 
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As to proof of the age of these rains, trees have been cat down having one 
hundred ricga, which were growing inside of the piles of ashes. 

That they were at least civilized, is shown hj our finding tho locality of & 
blackemith'B forge, where the cinders, bita of iron, &c., were plenty. ' Each 
house was furnished with a fireplace of stone, tbo foundations of which are 
easily found. 

Among the articles I now have, though somewhat decayed, are knives, forks, 
a fish-hook, piece of china bowl, piece of looking-glass, very long and well made 
wrought nails, part of an iron binge, part of a ctay pipe, sirips of copper, one 
knife of extra fine quality of steel — has the name of " Pelou" on the blade. 
If among your antiquities you have any cutlery bearing the same mark, it may 
perhaps assist us to ascertain the direction these ancient settlers came from. 

Jf you deem this information of any value, and will give me any directions 
regarding further explorations and tho manner in which you wish the articles 
sent you, I will, as soon as the frost in spring will permit, turn over the ashes 
in several more places, in hopes to find some record to add interest to the dis- 
covery. 

Can you gather any information by examining a jaw-bone of a human skele- 
ton ? I have one I can send, found near the forge. 
I remain yours, most respectfully, in haste, 

0. H. KELLEY. 

P. S. — I am tho oldest white settler, witb one exception, in this neighborhood, 
having been here eince January 1850, and have seen the forest cleared from the 
ground where these ruina are found, and the present little town of Dayton 
built up. Senator Ramsey will vouch for my being an old settler here. 



ANCIENT RELICS IN MISSOURI. 

Washington, March 14, 1864. 

My Dbak Sir: I promised yon some time ago a description of some ancient 
relics of pottery from tho mounds of Missouri, but that promise has remained 
unfulfilled up to this time. 

Accompanying this note are photographs of three vessels ; ^ 

1, Front view \ of probably a priest, or some official personage, if we re- 

2. Profile view j gard the head-dress as a badge of office. 
.' p gi"^" I of a captive, bound, perhaps, for immolation. 
5. A plain vessel without any ornamentation. 

These vessels aro about twelve inches in height and ara composed of clay 
slightly burnt, and ara without any glazing. The interior is hollow, and the 
orifice in two instances is at the side, and in the other at the top. The thick- 
ness of tho crust is about one-fourth of an inch. I regard them as water- 
coolers ; the texture being such as to retain water for a considerable time, and 
also to allow evaporation from the exterior surface. 

I think you will agree with me that tbe ancient sculptor exhibited consider- 
able skill in moulding. The proportions of the featnres are not very grossly 
exaggerated, and bo possessed sufficient skill to delineate the traits character- 
istic of bis race. Those traits belong not to tbe North American Indians, but, 
t think, to the Peruvians. The fillet on the head I am disposed to think was 
made of cloth. I hand you specimens of ancient weaving, which I have here- 
toforo described. (Tii^ Trans. Am. Asso., Albany meeting,) [1855 1| 

These specimens were taken from mounds in Mississippi county, Missouri, 
by tbe late Sylvester Sexton, of Chicago, and arc now in tbe possession of his 
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widow. From ICr. Stevau. w1m> mesicted in the explontioii, I dicv Uie fbOov- 
ing parti colars : 

There art fcvcnJ monnds pcalt«re<l throughoBt this conntry, but the Uigest 
groDp, aiiJ that from which these relica were taken, ia on eection 6, towofhip 
24, raiiRP 1 7. citen(!in^ over abonl tCD acres of groaud. The moaud^ vaiy ftom 
10 to 30 fed in hii::!!!, and miuv of them, on esploration, have yielded relic*. 

The most coQTeuk'ul point of approach is from Cotambos, KeumckT. being 
about eight miles dlettnt, and about seven miles from the buile-groand of Bel- 
mont. 

Tonra, very truly, 

J. W. FOSTER. 



HOV.tD m TEKNBSSBB. 

Salbh, Marion GoD:rrY. Orbooi. 

DaxMber 13. 1863. 

Sir : We write on a subject of some though not of great moment. That 
eubjoct is tUis : On a. monnd, in East Tennessee, on I.ich creek- near its j: 
tion with the Nolcchuckey, in Greene county, eix miles north of Warrensburg, 
It is some twenty-five or more feet high, covers on area of half an ifvfQ or i 
id eoiie-Iike or round, is quite stoep, and flat on its apei. It is a made mc 
it of loam, and in the bottom next the creek. There is an e:tcavation 
>hovring, evidently, that the earth removed is that of which is f.irmed the monad. 
Thin mound is fall, so far as examined, of human bones and carbonized wood. 
Tlio l)OiieB lay irr<'gularly, and seem to have been thrown in promiscuously. We 
think ibis a cemetery, or burial of plain in battle. The skeletons arc larger than 
oui mcej are yellow and firm and strong when disinterred, but soon crumble on 
t^\ll0)lure. The apex is flat and sunken in the centre. Our informant, Ur. 
l-uwc W. Bewley, brother to the martyr, Anthony Bewley, dug down some 
ibtw fei't, on top, and came to a bunit, smooth surface, under which, in sinking, 
bu I'liuuil largo pieces of charcoal and considerable ashes. Mr. Dewlev's father 
ai-ltli'd, or rather bought the place, some fifty years ago. How long it had been 
tictili'd before we arc not informed. The cause of our informant digging down 
I'll in top W1I8 from mere curiosity. This mound has no name that wc know of. 
\\u huvi' given yon its location, hoping you may make known this, we think, 
iiniiurMitt mutter. The opening of this mound might lead to more than mere 
LViiji'iiuiii concerning a once enlightened r.ice. The earth seems to hare been 
u!ii{ MiA dcpated Jbr a tomb. This shows aavK adcanee in the race who did it. 
.Vu rxiMViilioii might rereal important facts. Wo think the monnd should be 
cji.iiiiliK il. What has an examination of the lacnstrian cities led to? To im- 
]i.>t(.iiiL ii'<iults to the archxologist. And might not some good resnit from an 
t\!iiiuiittion of Ihe remain* T» thUvtmtndl We think so, and therefore urge it. 

\V I' liitvii written this for the cause of science — the light that may flow firom 
1 1 ^ \.uii:ii.itioii of this Lick creek mound, near the junction of Lick creek with 

o NLli'dnickey. 

^ I.I ii.iiv uiiotlicr matter: We have here some relics of Indians, as etom 
.L . iiid pestles, arrow points, stone axes, stone scrapers, or knives, &c 
. . . 1I1..J11 111) of any use to the Smithsonian Institutioni If so, please write 
iv.ii lailieat opportunity. ■ 

iiu mounds in this conntry, too. and if yon desire it wo will write yoa 

We «ro, &C., 

A. F. DANILSEH. 

.-..^y Smthioma* butUmlion, Wat&ingtim city, D. C )Ogle 
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Tub idolatry of claseical antiaai^ finds ite chief antagODism in the natural 
Bciencea. It would be easy to saow how many illusiona, nestling in the heads 
of the admirers of the oldco time, have been dispelled by modern chemistry 
alone ; and, although our present purpose is to deal with two objects of sub- 
ordinate importance, yet these also enrve to show how. very broad is the line of 
icparatiou between our own times and the remote ages, to whose "languages and 
ideas so much of the time and training of our youth are commonly devoted. 

The colors of azure and purple were among the most highly priced as well 
as tlie mosb highly prized productions of antiquity. The former was sold for 
its weight in gold, and tbcliittor waa especiallv reserved for the noble and the 
powerful; its use was in eooiQ Sgea even forbiimen to all beneath those of the 
Bi^hcationk on pain of death. Science and art hare wrought here a striking 
change ; being no longer limited to the direct gifts of nature, wc are ablci from 
the most apparently unpromising raw material, to furnish for the use of the 
whole community what could then be but scantily produced for the ruling few 
The contrast ia certainly suggestive. 

Aa early as three hundred and fifteen years before the Chriatian era, Theoph- 
rastus drew a' distinction between natural and arttfietal azure, the litttor of 
which, be telle ns, was manufactured in E^^pt. It sccma moat probable, how- 
ever, that the terms natural and artificial mdicatc Id this case only tbe greater 
or the leaa degree of care with wtich the color was prcpgred ftom the beautiful 
atone which we call Lapu lazuli, to which the ancients gave tbe name of sap- 
phire. While in some cases the stone waa merely reduced to a fine powder, in 
others, probably, the coloring matter was more carefully separated, as is done 
in our own day. 

The Lapis lazuli, or sapphire, is found in the least accessible parts of Litllo 
Bucharest, Thibet, China, and Siberia, in layers or strata of granite or limestone. 
Of old, as at the present day, it was polished and wrought aa a gem, and it ia 
almost the only member of the large family of gems that has an intrinsic value. 
This distinction it owea to the fact that, in addition to its great beanty, it yields 
for the use of the painter one of his most beaut'/ul colors, which, moreover, ia 
unaffected by air or heat ; that color is ultramarine. 

Aa lately as the commencement of the present centnry, ultramarine, or azure 
blue, waa not simply a fine powder of the gem, but tbe result of a long and 
troubleaome process. The atone waa first broken into email pieces, and even 
this first step in the process waa no easy one, the stone being exceedingly hard. 
The pieces, of the sizo of a hazelnut, were cleaned by means of lukewarm water, 
then made rad-hot, and afterwards slacked in a mixture of water and acetic 
acid. The cohesion of the porticles is so great that this process must bo repeated * 
from six to ten^imes before tbe mineral can be transformed into a fine powder. 
It is afterwards rendered still finer by trituration with the mnllor stone of the 
painter, having been first mixed with water, honey, and dragon's blood, then 
treated with the ley of the ashes of the grapevine, and finally dried. "Dn pow- 
dra IB next compoouded into a mass with turpentine, roain, wax, aad liiflfea oil, 
25 B 
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melted together, and kneaded under water. By ihia process the fine powder is 
washed out, and in time sinks ae a eedimeat in the liquid. The miiMral yields 
not more than one-fourth of ita weight of co l orin g ntaterial-. 

Up. to a very recent time Italy continued to btr tlnr Chief, aa it had been the 
original, manufactory of nllramarine, and thence the finest ahlaes were derived. 
The tediouBuees, the difficulty, and, consequently, the costlineeB in both time 
and money of the ild proceeB of producing ultrnmarinc from the Lapis lazuli, 
naturally excited great deeire among scientific chemiete to find some cheaper 
and readier artificial means of producing that color, doubly precious to the 
painter for its beauty and its permanency; but bo invariable from different 
causes were the failures of all attempts in that direction thai the gelation of the 
problem was well nigh despaired of, when hope was as suddenly as accidentally 
revived. In 1818 it happened that in France a sandstone furnace for the melting 
of Boda was taken down, an^ a beantifnl colored eubstance, never seen there be- 
fore, was discovered'. It was remarked, that Ibnnerfy the furnace for the melting 
of Boda had always beeu constructed, not of eaiidatone, but of brick. The mass 
of matter thup discovered was examined by Vanquelio, who observed in ila 
appearance and composition points of great resemblance with nltramarine ; but 
still no clue offered itself to guide him through the perplexities' of the investi- 
gation. Similar observations were made in other soda manufactories, as, for 
instance, by Hermann, in SchUubeck, who had thrown away abo^^ a hundred 
weight of the colored mass foui^ in a similar furnace when the latter was pulled 
down ; and by Kuhlmann, at Lille. We shall not venture to decide whether or 
not the "blue material," mentioned by Giiethe in hiB "Italian Travels," (1761,) 
as being taken from limekilns in Sicily, and used for the adornment of altars 
and other objectB, waa homogeneous with this product of the soda furnace, and 
whether both were, in fact, an artificially and accidentally produced nltramarinek 

The qucBtion still remained unanswered, how was this substance in the case 
of each furnace produced ? In what did it originate ? At length, in 1828, the 
Eolation of this important question was found and published lay Professor C. 
Gmclin, of Tnebingcn. During eighteen years he had been occupied with 
researches on the " Lnpia lazuli" and its kindred minerals, the products of tha 
▼flicanic eruptions of Vesuvius. Reflecting on the recent circnmstance, he was 
led to believe that, notwithstanding there had been bo many nnBuccessfnl 
MtemptB, the production of an artificial ultramarine was not an imposaibility. 
Furlher study of the natural coloring substance disclosed to him the sulphuroiu 
portion of the components, and holding that clue be at length Buccecdod in 
producing a most brilliant ultramorhie. 

At abont the same time, another German chcmiBt, the well-knowd " Doebe- 
leiner," had a glimpse of the true nature of the coloring principle of ultramarine, 
nc waa the first positively to assert that it was to bo attributed to snlphur alone. 
He obtained, however, a mere glimpse of this beautiful discovery, other occupa- 
tions preventing him from following it up. A very few more experiments, and 
he would have been completely in possession of it. Qmelin was scarcely more 
successful, though the absence of this additional jewel in his scientific crown 
was owing to a different cause. It is not in the nature of a true savant to 
place his talent at usury, or, in plainer terms, "to make money by it;" though 
DOW and then doubtless, in these days, of extravagant proJcctB, it is not impos- 
eiblo to find a savant at the head of some speculating manufactory, to the 
success of -which his reputation gives a substantial guarantee. Men of science 
of this kind are certainly much sought after by industrial specnlators, yet the 
exceptions do not greatly affect my assertion as to the general disinterestedness 
{d this respect of the German savant.* He, for the most part, when, 'in the 
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ooaneof hiareBearcheeandexperimetite, a discovery has been made which may 
be rendered available for utilifirian purpOBee, forbeare to make a secret of it, 
publieheB it without reserve, and leaves the pecaaiary harvest, large or Bmnll, to 
be reaped by others. Is this bccaase the enthaBiastic savant has bo little worldly 
wisdom, or so excluaiye a desire of reputation 1 Gmelin's own wordB may, per- 
haps, help the reader in forming a reply to this question. He says : " I have 
thus mentioned all the circamslances which mnst be kept in view in the man- 
ufacture of artificial ultramarine, and I have also added some bints for the use 
of those who may make it their object to manufactnre this color on a larger 
Bcale. I have now only to desire that others in like manner may nnrefiervedly 
publish their experience on the subject, so that the production of this article 
may, as early as possible, attain to the highest degree of perfection. We can- 
not, it is true, when an important technical discovery has been made, which 
promises large profits, tairly blame any one for keeping it a secret until he has 
achieved that great and justifiable aim of all mankind, security against want; 
but beyond this, no one has a right to maintain secrecy that he may secure 
gain. And it is very much to be regretted that by the withholding of so many 
aiscoveries (often buried with those who make and conceal them) science has 
been hindered in its progress, and an obstacle thrown in the way of the noblest 
object of man, that, namely, of increasing knowledge and difitising civilization." 
Snch, literally, was the practice of Omelin. While at Paris, in 1827, and pre- 
Tione to the publication of his. discovery, he nnreservedly communicated his 
ideas on the artificial production of ultramarine to several chemists, especially 
toOay LuBsac. And, behold I on the 4th of February, 1838i Oar LuBsac made 
a report to the Frraich Academy that Guimet, at Toulouse, had succeeded in 
manufacturing ultramarine of all kinds. Did the discovery originate in the open 
and disinterested communication of Gmelin, or did it not t Who shall decide t 
Guimet, it is but just to say, warmly defended himself against such a suspicion ; 
he affirms that he was prompted to his experiments by the examinations of 
. Lapit lazuli, made by Deeormes and Clement, and claims that he hod produced 
artificial ultramarine before Gmelin's visit to Paris. 

Whether the method of Guimet is essentially different from that of Gmclin 
cannot be determined, for, while the latter published his discoveries with every 

Sartienlar, Guimet, on the contrary, has kept his method a secret to the present 
ay. In so far aa profit is concerned, Gnimet, it must be confessed, has main- 
tained the advantage over Gmclin, and France over Germany ; for Guimet forth- 
with made his discovery lucrative to himself and others. As early even as the 
same year, 1828, he had erected a manufactory at Paris for the production of 
artificial nitramarine, which be sold at two dollars and sixty-six and a half cents 
per pound, while the natural article was a little more than double that price. 
Guimet succeeded in having his product adopted for tbe painting of the beau- 
tifnl ceilings of the museum of Charles X, and thenceforth his fortune was made. 
In 1834 the price had risen to from fonr to five and one-third dollara per pound, 
but in 1844 bad again fallen, and ranged from two and one-sixth to two and one- 
third per pound, thongh the best quality for oil painting was still sold at six 
dollars and forty pents. The cheapness of the ordinary article enhanced the 
demand, and the product of Gnimet'e factory speedily rose from twenty thon>- 
tand to one hundred and twenty thousand pounds, of which twenty thousand 
pounds were exported to foreign countries. Not only did Guimet amass im- 
mense wealth ; he was the recipient also of many public honors. From the 
French "Society for the Encouragement of Industry" he received a premium 
of <'!,000 francs, and medals from various French ludustijMd exhibitions ; and 
this as early as 1834, when the real importance of this eminent discovery could 
have been scarcely appreciated. In 1851, at tbe London exhibition, Qaimet 
received the large gold medal. 

DigmzecDy Google 
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Id Germany tlie manufacture of nltramarine proceeded at a far bIowAt and 
less profitable rate, though the directions pobliehed by GmclJn would have 
amply sufficed for manufacturing on a. mocn lai^er BcaJe. Be already knew 
that the proportions of eiliciouB earth, natron, and potter's clay might vary to a 
certain extent without at a]1 affecting the rcsnlt ; and he had also found that 
the production of artificial ultramarine reqnires two distinct operations, viz : 

1. The prodaction of the so-called grecQ ultramarine; and, 

2. The transmutation of the green into the blue article by roasting the former, 
while allowing the access of air. 

This latter necessity he was taught by the accidental bursting of a cmcible. 
His observation of this accident enabled him to master the whole proccas. and 
conduct it to any desirable iesuc. To the mannfactnro on on extensive scale, 
however, the condition insisted upon by Gmclin of perfect or chemical purity in 
the silicious earth and the potleL-'s clay employed, continued to present an 
embarrassing obstacle on account of the delay and difficulty in bringing the 
material to that state. 

It is true that ho had bimocif raised the question whether the production of 
the two expensive materials, both of them being components of potter's clay, 
might not be dispensed with, and he experimented upon varions specim<>nB of 
tolerably pure clay containing the maximum of 4^ per cent, of iron. But he 
considered the resalta of the experiments unsatisfactory, on account of the 
presence of even such a proportion of iron, from a porcelain clay containing 
very little iron he obtained, indeed, a very beautiful ultramarine, which he con- 
sidered quite lit fo'r oil painting, especially for landscapes. But even this pro- 
dnct could by no means be compared to the natural and most beautifnl kind. 
The artificial article always retained a scarcely perceptible tinge of ^recn and 
gray; while the positive red, oii which depends the peculiar brilliancy of the 
natural ultramarine, was wanting. This difference was especially noticeable 
when both pigments were mbheo in oil. The circumstance that Gmelin aspired 
to the highest excellence, and would not content himself with mere mediocrity, 
was an obrttacle to the introduction of this article into German industry, and 
restricted its use when it was introduced. Still, the first German mnnufoctory 
on the principle of Gmelin's process commenced working in l'i34, under the 
manngerocnt of Levetkos, of Wermelskircben, and very soon occasioned a ■ 
greaf change alike in the price and the popularity of the article. 

In 1833, the celebrated French chemist, Dumas, in his " Manual of Chemis- 
try," had expressed the opinion that chemical purity of materials might very 
well be dispensed with in the manufacture of artificial ultramarine, and that 
common clay might be used, provided it*did not contain too much iron. Pro- 
ft'asor Engelbardt, of the Polytechnic School. Nurembei^, while translating the 
works of Dumas into Gorman, was especially impressed by that statement. 
Wid was induced thereby to make new experiments, but his labors were tcrmi. 
uated by death before ha. hod obtained any positive and satis&ctory results. 
Uid a^istaut and successor', Leykauf, continued the deceased professor's experi- 
Meais, and was fortunate enough to succeed, where all previously had failed. 
By m^ns of potter's clay, Glauber's salt, and coal, he manufactured the most 
bettutilul ultramarine, in the renowned mannfactuory of Ley Ranf, Heync & Co., 
U Snrvmberg ; and in n very few years the firm counted its wealth by millions. 
2(o>«herv elm hoe this branch of industry acquired such an oxteusion ; being 
c.^-wpivuous oven among the diversified activities of Nuremberg, and justifyiug, 
1^ -rt'iire. a brief description in this article. 

Id tW vicinity cf the Hurembei^ railroad depot, tho attention of the ob- 
VTKt itavvner ia pretty sura to be attracted by a stately and spacious moss 
o- hL. . .i^ of white and red sandstone. The long rows of structures, with 

utur 7^n«cs Mui yards, cover a space of eome eighteen acres, Snrroonded as the 
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whole is by a ramp&rt, one might at firet fancy himself to be looking apon a 
fortress. Butithe smoke from numerous tall chimneys would speedily correct 
this error and betray the abode of ingenious and ancteBsful industry. It is to 
be regretted that viailors are rigidly escbided from the interior of this industrial 
hive ; ft uaeleBs exclusion, as the manufacture of ultramarine can no longer by 
any possibility be considered a secret. The visit of the King of Bavaria, in 
1855, to this equally interesting and important » factory, so far lifted the veil 
that we possess something like a reliable description, instead of the strange sur- 
mises which were previously in' circulation with respect to it. On a first glance 
at the exterior we perceive that the vast erection has been built piecemeal, ad- 
ditions having been made from time to time to meet the necessities of the increas- 
ing business. It required the long period of seventeen years to render the 
whole what it now is — a structure heterogeneous, indeed, in appearance, but 
really possessing the highest conceivable a£tptation to the purposes for which 
it was designed. 

Three rows of the buildings are devoted solely to the prepa^tion of the raw 
material, the motive power conisisting of two steam engines conjointly possessing 
B thirty-eight horse-power. So various and well contrived are the stampers, 
crushin" .ind sifting machines, &c„ which are set in motion by these various 
works, that a small amount only of human labor is required to furnish abundant 
raw material to employ elsewhere a vast numbet of hands. 

Groups of buildings surrounding tbote just mentioned contain water-works, 
and consist of five divisions of vaulted galleries, supported by iron pillars. 
Near these aie the drying stoves. Close by these three principal divisions are 
the buildings for storing, packing, and weighing, and the clerks' offices and re- 
pairing shops. Uero is a scene of continual activity, the human labor being 
greatly aided by a high-pressure steam engine of twenty-horse power. The 
■'■"■) is lacif 



commtmication between these various and extensive buildings is facilitated by 
a railroad six thousand feet, or considerably above an English mile, in length, 
crossing from east to west, and from north to south, and similar tram roads of 
timber connect the buildings in the upper stories. The iron railroad' leads to 
the depot of the public railroad ; thus placing the factory in easy and speedy 
communication with the principal high roads of Germany. The weight annu- 
ally carried on this little railroad amounts to nearly 2,000 tons ( about one^enth 
of which consists of tlie manufactured article. 

About 200 laborers are constantly employed in this establishment, and it is 
greatly to the credit of the proprietors, Zeltoncr & lleyne, that they have es- 
tablished a savings bank, a sick fund, and a fund for the support of widows and 
orphans. 

Wo have spoken of the remarkable fall in the price of ultramariue. Compe- 
tition and improved machinery and modes of operating have effected so much 
in thnt respect, that the whole price of the best article at the present time does 
not excecil that paid for the mere grinding, only eighteen years ago. This con- 
tinual fall of price necessarily compels a corresponding expansion of the mann- 
&cture and sale to comuensato for the deficit in profit. On this account scarcely 
a year passes without the addition of new buildings to this vast establishment. 
Considerably more than 5,000 tons are manufactured here yearly, at the average 
cost of from 25 to 37 cents per pound. The cheapness and exceeding beauty 
of the color cause it to be profitably and largely exported to France, in spite 
of the absurdly heavy import duty levied upon it there. * 

What we have said of uiis single manufactory, vosPos it is, gives but a very 
inadequate idea of the extent and importance of the ultramarine manufacture 
in Germany. At the Industrial Exhibition at Munich no fewer thi^ seven ex- 
tensive manufacturers received medals, and two were honorably mentioned. 

At the Parisian exhibition the French manufacturers did not dispute the ex- 
cellence of the German ultramarine, or the exquisite ))eanty of its colors. But 
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they complained that it waa of bo maay different ehades that the varioua trades 
and prfifessioDB which use the article were unneceeHarily emb^raMed in the 
choice among so many gradattooe of color ; for while the GerrnHQ mauufactnrera 
exhibited twenty different tints, the French furnished bnt eight. To thie Ger- 
mans replied, that in supplying so many different ghadee of the color they hut 
complied with the public wish. Yet, nothing can he plainer than that in every- 
thing relative to color and cognate matters of tatite, it is not the public which 
preacribes. but the artist, who elicits the artificial want. It was Phidias who 
created the Athenian taste for the sarpassing beauty of the Phidian eculptnre. 

Up to 1849, France had only two maaufoctorics of ultramarine. In that year 
a third was added, in Alsace, (Zaber & Co., at Rixheim,) which deserves men- 
tion with that of Giiimet, who still suetaina his Ion g-ee tab li shed reputation. 
To such an extent is the manufacture of paper-hangings carried on at BixheiiUt 
that the manufacture of colors might appear a merely accessory and snhordl- 
natc branch. But snch is not the fact; for, besides supplying the home demaad« 
that factory exports to a very large amount. As long ago as 1849, the estab- 
lishment employed 500 laborers, at an expense of $43,333. And the motive 
power conaiflted of 44 michiues, exerting, in the aggregate, a sixty .two horse 
power. 

As mentioned above, Gmelia's mode of using only the very purest raw 
material has been abandoned. ' But, though the ultramarine 'manuiacturod on 
his method was andoubtedly more costly, it ia no less certain that it was also 
fur superior in color to all other sorts of ultramarine. Economical manufacture 
• is now sought in a variety of ways. A white Garman clay found in many parl« 
of the country, and known to the trade under the name of "lonzin," ia the 
most commonly made use of. White porcelain earth is preferable on account 
of its greater purity. A small portion of magnesia and lime is of no conse- 
quence ; but if iron be present in greater proportion than one per cent., the utmost 
care is requisite to produce an even tolerable color. All foreign matters of a 
tangible kind are carefully removed by repeated washings; the clay is then 
dried, mode red-hot, and reduced to a fine powder in a mill or stamper. These 
preparatory processes, simple as they appear to be, are in reality of great im- 
portance, and the mechanical contrivances for rendering them perfectly effective 
arc uQong the most ingenious, as well as the most costly, of all the madiinery . 
employed in the manufacture. To the ground or crushed moss there aro now 
added sulphuric natron, soda, sulphur, and coal or charcoal; the whole having 
been previously reduced to the finest possible powder. If coal instead of char- 
coal be used, such must be selected as after combustion leaves the sioaUest 
quantity of ashes. Sometimes rosin is used instead ef coal, and, being decom- 
posed by the heat, answers all the purpose of the mineral. Heated together, 
these various materials become fused into one mass. Upon the process thus far 
described, and, especially upon the exactly proper proportion of each of the 
materials, the result greatly depends. 

With regard to one point in the procedure there is a wide difference between 
the French and the German manufacture. In the latter, Glauber salt or a mix- 
ture of thaf salt and natron is always used; in the former, only soda.' The 
Qennan mode is the more economical, because the sulphuric acetical natron is 
by the agency of the coal converted into sulphuric natrium, and thns the sul- 
phur can bo wholly or partially dispensed with if soda be added at the same 
time. It is true that a somewhat greater quantity of cool will be required, 
bnt there can be no comfhriaon between its price and that of sulphur. As to 
the result, it does not seem that the one or the other method is very greatly 
preferable. 9 

There is great difference in the proportions of the several coropooentsof this 
mixtnre ; but the following may serve as a general rule : CiOOQ Ic 
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Tarts. 

I, White ^Iter's clay, free fW)m wnter 100 

Glauber Bait, fi-ee from water.. .* 85 to 100 

Coal 17 

II. White potter's elay, free from water 100 

Glauber salt, free from water 41 

Soda, free from water ; 41 

Sulphur. .' 13 

Coal 17 

FRENCH METHOD. 

White potter's clay, free from water 100 

• Soda, free from water 100 

Sulphur 60 

CoiU 11 

The next operation to be performed is that of what is called the over-glow- 
ing of this mixture. It is placed in melting pots of potter's clay, fonnod to 
withstand intense heat, and slowly dried till burnt. ALaolute exclusion of air 
being indispcnaable. it isespecially requisite that the meltiag pots be bo tempered 
that they will neither burst nor become softened in the intense heat reqniaita 
to burn the moss within them. They may vary from 4 to 1^ inches in heig;lit, 
with the like diameter. When filled up they are packed one on the other in a 
fnroace resembling in form a flattened brickkiln. They occupy the whole . 
centre of the surface, while the space on each side of them is used for the burn- 
ing of similar potB. The furnace being properly filled, the mouth is walled np, 
and tho firing commencea. The burning continues during from eevea to eight 
hours up to three days, according to the size, constmction, and contenta of the 
furnace. Fuel must be added till the maeB is thoroughly incorporated and 
begins to melt. Upon this operation everything depends. If it do not prop- 
erly condactcd, the best and moat accurately proportioned raw materia! will 
not yield a profitable result. The temperature maat be of a certain height, 
which is to be ascertained beforehand by triala in a small testing oven. It 
approaches a bright red or incipient white heat, and must he kept at the same 
point during a specified time; and it must be m^o to heat the whole mass a^ 
thoroughly as possible. When the furnace is cooled, the glowed mass is taken 
ont ana coaled with water, and then repeatedly washed and draiued to remov i 
any salt still remaining. The now dried and spongy maas is next removed to 
the mill and broken and pulverized to the utmost possible degree of fineness ; 
the powder is repeatedly washed with water, and after being thoroughly dried, 
ag^ gronnd and nicely sifted. It has now reached the first stage (k ultra- 
marine, or what ia called green ultram:irine, and is ready either for sale or for 
traosmntatioa into the blue colored or proper ultramarine. Hitherto, however, 
the green ultramarine has been in no very great request, as compared with the 
bine. It variea through several shades, from apple green to blue green; and in 
beauty it is far excelled by the copper color and even by the cobalt. Its chief, 
if not its only recommendations are its cheapness and its innoxiouaness; and 
tbodo qualities, important as tliey undoubtedly are, seem insufficient to counter- 
balance its want of brilliancy. 

The next important operation ia the transmutation of the green into the bins 
color. Here there ia butOBecausefitranxtety. Toobtain a perfectly beantiflil 
blue, we moat previously have anerfectly beautiful green. The latter is roasted 
with snlpbur, air being freely aamitted during the process. It Bometimes hap- 
pens that the change of color takes place withou| any interference. The buI- 
phuric natrium contuned in the maaa caoaes spoiRaneooa ignition on tbe admis- 
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■ion of air, and when il ceases to glow we have still sulphuric acid present, and 
the green color is thus self-changed into a bcantiful hlue. 

As to this process also of transmuting the green color into blue the French 
and Gcrmaas have their peculiar methods. The Oermana use email iron cyl- 
inders for roasting ; the French small hearth ovens, into which, however, the 
flame cannot enter. Hitherto cylinders of potter's clay have not heen adopted, 
though we doubt not that they would serve just as well, and be even more 
durable. The cylinder being filled with from twenty-five to thirty pounds of 
green ultramarine, a vnno (Flugelwelle) is set io motion so that the contents of 
the cylinder may not be burnt without being first thoroughly roaeted within. 
A pound of Bulpbur is now passed through an upper opening into the cylinder, 
and while the wind-vane continues in motion the sulphuris gradually consumed. 
The addition of snlpbnr may be continued aa long as the color improves in 
parity and britliancy, but care must be taken not to continue it too long. Al^r 
the color has been thus roasted it most once more be washed, dried, ground, 
and sifted. 

The French method of roasting poseesses this advantage, that, by allowing 
a freer accession of air, the green mass is the more speedily transmuted into 
blue. But, on cither the French or German method, a large quantity of sul- 
phuric acid escapes, which renders the factory a nuisance to its neighbors, 
while, were tiiat quantity of sulphuric acid preserved, it wodd suffice for the 
prodnctioD of all the Glauber salt used in the manufacture. 

The quality of the green color is the rule and test of that of the blue ; hut 
something of its intensity also depends upon the mauner in which it is ground — 
« the finer it is powdered the brighter and clearer it becomes. But notall kinds 
are of equal beauty; lighter tones of color are frequently ohtuned without ther« 
having been any appreciable difference in the mixture of the raw materials. 
From these lighter and darker shades a medium kind is obtained by mixing 
them together, and adding other white or light materials. Where this admix- 
ture is resorted to, eqnal tones of color are out of the question ; the shades vary 
from the softest sky blue to a glowing, almost ruddy, dark blue — the former 
generally forming n more compact powder, the latter a more loose and smooth 
one. 

The principle upon which the blue color of the ultramarine is dependent io 
as undecided now as it was in the time of Gmelin. It is much to be regretted 
that his analysis of the Lapis lazuli, which so much conduced ton.irds themann- 
facture of artificial blue ultramarine, has not been repeated and followed op. 
The foundation which he laid in scientific experiment baa been built upon only 
in the way of the merest empiriciam ; and the succgks which has thus, in a 
merely monetary point of view, been obtained by the manufactures, has led 
not a few of them to imagine — bow vainly we need not say— that henceforth 
they ait quite independent of science. They forget that practical men, how- 
ever ably they may profit by what science has taught them, do literally nothing 
towards clearing up what science itself has yet to learn. It was the science of 
Gmelin which alone laid the foundation for the manufacture of niti'amarine as 
it at present exists ; but who shall pretend to limit the improvements that 
might be made in that manufacture could another Gmelin arise .to discover 
the principle on which the coloring of the ultramarine depends} Attempts 
have, indeed, often been made to lift the veil from this mystery, but hitherto 
they have been so made that it was impossible for them to succeed. Analysis 
has followed analysis, regardless of the fact that the ultramarine trade is 
not a preparation of determinate composition from which uniform results can 
be obtained. However accurately the operator may have treated the clay 
with water and sulphur, does not the color imbibe some portion of silicious 
matter 1 Nay, has not cach^pecimcn of clay different elements and different 
proportions of elements in its own composition } How are wo to tell, evea 



from the most akilfal and laborious analyaiB, whicb ie the essential product 
and which the accidenlal I Which the portion which conduces to the pro- 
duction of the color, and which the portion that, to a greater or less extent, 
limits its quantity and diminiiibea ite brilliancy 1 The time spent in aualjaea, 
thus inevitably indecisive, mav be considered as completely thrown away. In 
truth, those analyses have rather raised questions than settled them. The in- 
fluence of iron, for instance, upon the production and the color, which long ago 
was considered a settled fact, is now relegated into the realm of doubt. There 
sccma good reason to believe that sulphur^has a chief, if not the sole, part in 
coloring the green and blue ultramarine ; biit how — through what combinations I 
The material itself opposes difficulties to our clear view of the subject ; and the 
difficulties are increased hy the coincidence of two chemical processes, and by 
the facile decomposition of the material the moment it ia attacked by reagents. 
Finally, wc are but too imperfectly acquainted with the affinities of sulphur 
and the recently discovered sulphuric acids for the alkalies. This power- 
lessneaa of analysis to pronounce definite judgment has necessarily given 



a to various opinions, founded not upon facta, but upon fancies, and, t 
usual in such coses, the opinion founded upon fancy has been more per* 
emptorily asserted than the knowledge founded upon fact. Of the green ultra- 
marine, we have seen it positively asserted, though without even an attempt at 
proof, that it is a simple combination of sulphur natrium, while another disputant 
is not Ices positive that it ia a mixtuic of blue ultramarine with some yellow 
substance, the elimination of which turns the green to blue. Others assert that 
the acid has transformed the sulphur natrium of the green ultramarine into a 
sulphuric metal, combined with other and unascertained matter ; tbut oxydi- 
oation has taken place, and the sulphur has united with the undccomposed 
sulphuric natrium. According to others the oxygen acta upon the sulphur and 
forms a sub-sulphuric acid, or some other of the recently didcovered sulphuric 
acids. In abort there has been much disputation, but no approach to a conclu- 
sion which can be relied upon. To arrive at such a conclusion we must, as 
our starting point, first study the affinities of aluminum aud sulphuric natrium. 

Alt that we are thus far warranted In saying is simply this, that ultramarine 
contains silicious earth, potter's clay, natron, and sulphur. But, what else I 
TAat is the real question at issue. The silicious earth is, if not superfluous, ut 
least inoperative, as regards the production of the blue color; but, though not 
itself the cause of the blue color, it at least supplies the fire-proof quality. Too 
much of it, undoubtedly, ia injurious to the color. If the silicious acid be not 
fixed hy natron, the blue color is either very much faded, or wholly destroyed, 
and the ultramarine ia rendered unfit for the purposes of the porcelain pointer. 
The artificial ultramarine has still another great advantage over the natural. 
Wbile the latter could only be used for oil pwntings, the former can he used in 
every art in which the blue color is indispensable, and consequently it has, to 
a very considerable extent, supplanted cobalt, litmus, and Prussian blue. 
Even when the ultramarine commanded a far higher price than smalt, {the lat- 
ter selling, in France, at 47 to 50 cents per pound, while the former could not 
be purchased for less than from $1 62 to SI 73.) it waa found that ultramarine 
was the chi;aper article, for the simple reason that one pound of ultramarine 
would do the work of ten pounds of cobalt blue. 

Ultramarine is a reliable color for oil painting or for painting on glass, for 
tapestry, and for paper-hangings in patterns, and for tho coloring of soaps, 
candles, dec, &c., and it is not easy to over-estimate its importance in printing 
on wool, cotton, linen, or silk. To the French manufacturer, Blojidin, belongs 
the credit of having been tho first to use ulti-amorino in cotton printing. For 
six years he kept his application a secret; but, in 1844, Dolfus, a cotton manu- 
facturer from Alsace, visited the French exhibition and made himself master of 
the process. Since then, as is said in the report of the French exhibition of 



394 PUBPLE DTEINQ; ANCIENT AND HODEBN. 

1849, "Guimet's method has travelled roand tbe world. enpplantiDg all theblne 
colors vhich had been previously employed by the cotton -printer." It must 
be confessed, however, that this statement, is not quite exact, for the maaofac- 
tnrcrs still experienced some difficulty in usiug ultramarine. At first the color 
was, for the most port, not sufficiently fine, and consequently it affected both 
theapreadingknife and the rollers. That diliculty was obviated by the use 
of albumen, (the whites of eggs,) which thus became a by no means unimport- 
ant article of trade. It is used to condense, and to aid in spreading, the color, 
bat fequires some slight admixture of oil to prevent the decomposition which 
the albumen, pare and simple, was found to produce. 

^ Ultiamarinc is nscd not only to produce a blue, but also a white.' Every 
housewiie well knows that bine of some kind must be used to counteract that 
yellowish tiuge which linen and cotton goods acquire when washed. This use 
of the blue color is familiarly called utittg tbe blue-bag, but using the whitening 
bag would, in truth, be the more appropriate phrase. As a general thing the 
blue<b'ag is used far too freely. The effect Boould not be, as it generally is, 
to leave a blue tinge, but only to neutralize that yellow tinge with which we • 
unavoidably associate the idea of imperfect cleansing. Ultramarine ie also of 
important service in restoring linen and cotton yams and fabrics to good color — 
from two to three pounds of the color Bufficing to restore fifty pieces of linen. 
From ten to fifteen ounces are sufficient for tbe perfect bleaching of twenty 
pouude of yarn, and bo effective ia it in amall quantities, and therefore so cheap, 
that even whitewosLcrs use it to give increased brightness and cleanness to 
their white. 

It was formerly conaidcred, on toxicological grounds, that the use of ultra- 
marine iu whitening engar was objectionable. We need here only bo far ad- 
vert to the diacaesioDB of the public jouinols upon that point as to aay that 
two pounds and a half of nltramarine suffice to bleach fifty touB of sugar, being 
juBt T^ grain to the pound, a proportion in which even that deadly corrosive, 
arsenic, would be entirely inuocuous. Whether the sulphuric-hydrogen gas, 
which Ib liberated by the contact of the ultramarine in the sugar with the acid 
in winci be offensive, is a question which we leave to the oll'actories of the 
chemist to decide. How far ultramarine is, or may be, adulterated, chemists, 
we believe, have not, as yet, determined. Manufacturers maintain that it is 
not merely right, but even necessary, to mix potter's clay and gypsum with 
. ultramariae, in order to get a lighter color ; and to ua it scema that, on that 
point at least, tbe manufacturer is a better judge than the cbemiat. The pur- 
chaser well knows that auch admixture is made, and for what purpose, ao th.it, 
whether rigirt or wrong, there ie, at all events, no deception ; but if he wishes 
no such admixture in the ultramarine whii!h he purcbaees. a simple and facile teat 
of the quality is at hand. Adulteration is present if the color be not entirely 
discharged by strong acids, or if it change color when boiled in a ley of potash. 
The adulteration in this latter case hoa been made by organic mattera, for the 
purpose of producing the fiery brilliancy of the natural ultramarine. If, to be 
thus tested, the ley assume a greenish tinge, the ultramarine contains a auper- 
fluouB amount of sulphur natrium ; and if the ultramarine adheres in bard clots 
or lumps the salts have not been sufficiently washed from it. When mere ap- 
pearance is alone relied oa as a criterion, the judgment, however practiced, is 
liable to ho mistaken, for there is no other' color which affords ao much scope 
for visual deception. 

There are two qualities to be regarded in the genuine nltramarine— tbe color- 
ing and the covering quality— which mwntain no direct ratio one to the other. 

The coloring quality may be tested by mixing one part of ultramarine with 
ten porta of anv white color — white lead, for instance, or clay, or gypsum — and 
then closely obaerving the tone of the mixture. These triala wiould never 
be omitted by pnrcbaBera, for in two tdtramorineB, which to the Bight eppe&r 
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exactly alike, there may be a difference, in both brilliancy and durability, of 
from one to two hundred per cent. Another important question is this ; How 
mnch mordant does the particular ultramarine require I Nor is this important 
only in those great factories where the mordantB are a coneiderahle item of ei- 
penfec, for the artist also should be aware that every addition of mordant di- 
minishes the clearness of the color. The less mordant the finer color, and' vice 
vena. 

It admits of no donbt that from remote antiquity the art of coloring of tbe 
iment with which man invested himself had acquired a certain degree of 
proficieocy. Pliny, thoogb be gives no particulars of tbe proceesea, yet assures 
aa that the ancit:ats were well ncquaiatcd with tlio use of mordants, by which 
fixity is given to colors which otuorwiae would gradually change by snccessive 
gradations, or disappear altogether from the dyed fabric. Of those mordants 
be mentions human urine, aminoaia, and certain salts, including rock-salt and 
soda, as serving to give at once brilliancy and fixity of color to spun and woven 
Btufis. And jn another passage be iiitlmttes a still more advanced knowledgo 
of the art of dyeing as practiced by the ancients. "In Egypt," b0 aays, 
" cloths are dyed in a quite peculiar manner. The cloth is first thoroughly 
cleansed and then 8ucce><»ivcly dipped iuto one or more solutions, and finally 
into the fluid color for which the previously used solution has so great an afQn- 
ity that the cloth is dyed as permanently aa inetantaneously. What is most 
temavkablo about this process is the fact, that though the dye-vat contains dye 
of only one color, the web of cloth is dyed of one, two, or several colors, ac- 
cording to the kind of solutions used for the preliminary washings or dippings. 
And further, not ouly is the cloth so permanently dyed that the color cannot 
be washed out, but the cloth itself is rendered. stronger and more durable." 

This language of PJtny shows, that our knowledge of the uses and effects of 
various mordants to heighten and fis color, aud rather to improre than to injure 
the fabric of the stuff to be dyed, though doubtless nmcb iudebted to modern 
^chemistry, is, substantially, as old as chemistry itselfj In the caee of ancient 
£gypt, such a knowledge need scarcely excite our surprise, that antique and 
mysterious land having been the source of the chemical science of at least 
all the people of antiquity. As nature herself suggested colored oroamenta- 
Hon, aud the fugitive qualities of the earlier dyestuffs forced chemistry into 
the discovery of mordants, so the lack of a cultivated taste made the glaring 
scarlet and tawdry yellow the favorites of the earlier ages; just as, in our day, 
tbe same lack or imperfection of taste is ap't to recommend those vivid baes 
to the favor of tbe childish and the unieliued. Nest to tbe Egyptians the 
people of ancient India evinced most skill in the art of coloring. Job speaks 
with great admiration of the brilliaat colors of Indian clothe. There is at this 
day in tbe museum of tbe Industrial Society at Taris a lai^e and valuable 
collection of Indian colored stnffs, together with the utensils by which they 
were prepared. These stufi's should be called painted rather than dyed ; the 
absorbent and mordant fluids were first applied with a brush, and tbe desired 
colors then laid on ; those portions which were to remain white were at the 
ontset covered with wax, and the outlines of the pattern traced on the remainder. 
There is also at Paris a shawl, ten feet long and five feet wide, the handiwork 
of Indian princesses, and so elaborately as well as beautifully executed that it 
must have employed tbe skill aud industry of more than one generation of tbe 
royal and dusky workwomen. Bat everything else in andent dyeing was sur- 
passed by the proverbially pre-eminent 

TYBIAN FURFLB, 

Inventions have their place in Mythology, and not improperly ; for if cbanco 
plays no inconsiderable part in the inventions and discoveries of ^e present daya, 
•0, also, it did in the days of old. All have beard, or read, the story of tbe dog 
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which occaeioaed the discovery of the beautiful TTrian norple. Aa Hercules (so 
nme the fable) walked ooe day oa the Hea-shore with the fair object of bia love, 
ber^pct dog, playiDg around thorn, seized an open Bea-BQaiUaod dyed his mouth 
offlo beautiful a color that the lady uttered a wish to have a dreaa oftlrat-oelf- 
aamj hue. Hercules, of course, succeeded in granting her desire. It-Is as- 
sumed that this discorery datea fiom the year 1500 B. C. 

For nearly all that we know of purple dyeing we are indebted to Ariatotle.- 
Pliny, and Vitruviua. Pliny mentions two shell-fish that yield the " purple," 
the "buccinnm," so called, on aceonut of its resemblance to a trumpet, and 
the "purpura." The coloring substauco was said to be contained in a trans- 
parent and branching vein at the back of tho creature's neck, and while the 
animal was alive, the fluid had a. mucous or creamy consistence. If the fiah 
were small, they were ponnded ; but if large, containing so much aa an ounce 
of the highly valued fluid, the vein was detached, its contents mixed with five 
or six times its weight of water, and to the mixture thus formed soda was added, 
in the proportion of twenty ounces to every hundred ponnds. The whole Vas 
then [fut into lead or tin veesela nnd kept in a moderately warm place for five 
or six days, the acom being from time to time carefully removed. As soon as 
the fluid assumed the precise tone of color that was desired, the wool was dyed. 
The prooesB waa very simple. The wool, being thoroughly cleansed from greaso 
and all other impurities, was plunged into the dye for some five or six hours, 
or even longer ii the object was to double dye the miiterial. (dibaphei.) in which 
ease it was highly esteemed and proportionably high in price. Wool thus dyed 
commanded in the reign of the Kmperor Auguslua the enonnona price of two 
hundred dollars per pound, nearly its weight in gold 1 

We learn from Vitruviua that various countries had their peculiar shades of 
purple. At the north, tho shade approached to violet, white at the south it 
became the vivid red which wo now term a bright scarlet. Pliny also dis- 
tinguishes two different shades of pur|)le^the tyrium or purpura, a dark crim- 
son like that of coagulated blood ; and the ametbystinum, the light violet blue 
of the amethyst. Bolh authors agree in stating that an excellent purple was 
obtained from some plants ; our own mnddLT, it would seem, being among them. 
Uadder (Bnhia tinctonun) was undoubtedly known and cultivated in several 
'ancient conntrica — Italy and Judea, for Instance. Woad, too, (Isatis tinctosria,} 
was well known to the ancients, and served to give to the purple that fine violet 
tint which was so much prized. 

The purple-yielding shell-ti^h were found on all the coasts of the Old World; 
and in Greece, Italy, Dalmatia. Istria, ond Egypt, there were large dyeing 
bouacs. Of coui'se they u.'ted up an immense number of these minute aninials ; 
but the supply was equal to the demand. For instance, Mount Testaceo, near 
Tarentum, consisted almost entirely of tho sheila of tho Murox brandaria, which 
we believe to be thi shells from which the Roman dyers extracted thorr color- 
ing matter. According to. Tacitus, the Germans had a piirple dye which waa 
especially in request for linen. But above all the purple dyca of the ancienta, 
that of Tyre and Sidon was admired, and it woa a very important item in the 
commerce of the merchant princes of Tyre. No color has ever been so long 
valued and so profusely lauded oa the purple. In the days of Moses it waa the 
distinctive color of the great and the wealthy ; Homer makes j^neaa offer a su- 
perb purple robe to Bellerophen j Divee, in the New Testament, ia " clothed in 
furpl« and fine linen ;" and it was in a robo of purple that the stern Roman 
mperator triumphantly returned to the seven-hilled city, after vanquishing and 
subjugating some far barbarian foe. Pliny speaks of " the Tyrian purple" aa 
being a color so representative of dignity and majesty that Koman lictors made 
way lor it with their fasces and their followers. Not only was it the distinctive 
mark for both young and old uf high rank or great wealth, but was still fur- 
ther honored by being the indispensable color of the robea of those vdib.reTOrL. 
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reotly sacrificed to tbe gods, to obtun tbeir faror or to avert tbeir wratb. 
Pliny ia so mncbin lore with the purple that he deems it do mere idle vanity, 
, but a laudable and natural yearning in men eagerly to desire it. 

To tbe great majority of Romans purple fras forbidded for a long time by its 
enormous cost aa compared nith tbe moderatefortunesof most of tbe plebeians; 
but when wealth Bowed into Rome and corrupted tbe Romans, purple was fast 
becoming the only wear, and the CEesars, from Julius downwards, prohibited 
its nae by private oilizeue under pain of death. Tbe Byzantine emperors made 
it penal even to write with purple ink, tbe use of which they monopolized for 
their own imperial aignatures; and tbe very art of dyeing ia purple waa con- 
fined aa a privilege and a monoply to favo^d individuals. Aa a natural cod- 
aeqncnce, tbe art decayed, and at length waa entirely loat towards the end 
of tbe twelfth century, though so recently aa the preceding centmy the Greeks, 
Saracens, and Jews, bad been renowned for tbeir skill as dyers. During tbe 
twelfth century the purple w'as Icsa various in its shades, and very much leaa 
in request. But though the fickle tyrant Fashion, for a time, discarded purple 
in favor of scarlet, procured from the Thermcs, the traditionary reverence for 
tbe imperial purple was not extinct, for even to this day, throughout tbe Old 
World, " pnrple" is synonymous with imperial power and place. 

Strangdy enough, while purple-dyeing was or disused, if not a forgotten, art 
in many of the countries to whicn it had once procured so much profit, it still con- 
tinued to bo conatdeiably practiced in Britain. With that island tbe ancient 
Pbcenicians are known to nave had considerable commerce, the Britona, as we 



leam from Herodotus, supplying the Phoenicians with linfOnd it ia probable 
that it was (i'om the Pbcenicians that the Britons learned tbe art of purple- 
dyeing. Tbe practice of tbe art existed in England till the close, of tbe four- 
teenth century ; and so late even as 1684 an Irishman is said to have made a 
large fortune by the peculiar skill with which he gave tbe pnrple dye to fine 
linen and other articlea of female apparel. He, like tbe ancients, obtained bis 
dye from a shell-fisb. 

The Chinese are said to have had a dye resembling tbe pnrple ; and in tbe 
New World, according to Don Antonio d'Ulloe, the people of tbe provinces of 
Guayaquil and Guatemala were, from the earliest times, possessed of a beautiinl 
red color, which tfaey obtained from certain sea snails of a size not greater than 
A bazeluut. These, on acconnt of their scarcity, were highly prized, and were 
used only for dyeing choice and costly matters, each as beads, fringes, braidings, 
&c. It was tbe popular belief that both the weight of tbe animal and tbe color 
of its juices varied with the hours of tbe dny. 

The pnrple dye had at length become so entirely forgotten that what the 
ancient writers bad said of it was regarded as a fable, invented by tbe Pboeni- 
ciana to conceal their knowledge of tbe cocbinea) insect. A sbell-fish yieldmg 
such a fluid waa no longer known. It was not until the seventeenth century 
that the first attempt waa made to red'acover and to nitilize the long-forgotten 
secret of antiquity. Then, indeed, men were enabled once more to view tbe 

frodigy with their own eyes, for in tbe West Indies, in Peru, on tbe coasts of 
taly, France, and England, there were fotmd muscles whose vital juices, from 
being at first colorless, soon took, successively, tbe shades of yellow, green, bine, 
and finally a splendid purple. William Cole, of Bristol, in England, was 
the first who, in tbe seventeenth century, experimented for tbe revival of 
.the Jost art of dyeing in purple, and he need only the common muscle which is 
BO abandant on the shores of England, and after long trial at length discovered 
the long-sougbt-for shell-fish ^n tbe Purpv^a Lapillut. "If, "says he, "we 
carefully break tbe shell wo find, near the head of this sbeli-fish, a white vein 
lying in a furrow, and within that vein is a white, creamy, and somewhat gluti- 
nous fluid, which is tbe much-desired dyeatnfi'." His description precisely 
coinddeswith that of Ariatotle and of Pliny. • 

D,:i,l,:^..„C700gle 
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In 1709 JoBsien made Bimilar reecarcfaes on the French coaet — Keeafches 
which, io the foUpwing /ear, were continued by Reanmur, who delighted to maku 
ibeory and ^pecnktion the obedient bandmaidenB of every day utility. Some- 
what later the eoft-shelled mollnscs of the Mediterranean shores were carefully 
examined by Italian naturalists, and bo well has their pains-ta.kiDg example 
been followed op that we are now acqaointcd with a goodly number of molluscs 
that yi-^Id (he purple dyeatoff. For tho moat part they belong to the families 
of the Mmitx and the Baecuivin, of Linnsus ; and it is thought that the Murtx 
trmmctUmt. of XJniiKu?. (one of the most abounding of the Mediterraneftn sca- 
*;;iib.) and the Purpura and Purpura puttda, of Lamarck, oi-e identical with 
I'Liay'd limectmum. The Pmrpura Lapiilu* is quite common on the European 
f h.^ree. and is belicTed to have been the most important among the purple sea-' 
^c^^iii- of ani:<]aity. Lesson thinks that the Janlhiita Jragilia is tho true buc- 
ci::=i» of ac::-[ui[T. It is a native of the Mediterranean. In stormy weather 
i- is lhn>«n B[>^n the coast (tf the French department of A^c in such vast 
;.T:=:Vr» *} aeinallr to cover the strand. Lesson attributes to Narbonne (the 
j\' zrTv JJani.%1 of the andents) gveat skill and celebrity in the art of purple 
Jii-v:"i ia iho nsaw of ancient Rome. Other writers say that though tbc Gar- 
•■\'ji (u-^V was TVTT splendid, it yet was very evanescent. The jantliina un- 
^- -!'.'[;>:> A? 'Tils a bright and bcttntifnl purple, and when taken out of the water 
^c;'<U thtf lioid li> the aTTTBge amount of about an ounce. But the fluid ts tur- 
B--i>>.'d bv a g!.iad eniicvly diflerent from that spoken of by the old writers, a 
tuct * ^-<-'h :c [:> di£ciilt Id reconcile with the ancient statement. Moreover, the 
si-'iii'i^ parrfe is twt erm»ieec«it. while the ancient was valued no less for its 
j_.^;^-,^':t thjkK tw its b«aniy. ThoB, in Plutarch's Life of Alexander the 
I.; -\ar. wl- rv-*l tbjt ihtf llrevka found in the treasury of Darius purple etnffs to 
• hox-^^utrvf titv ttii.<K>»Bdtaleuts,andthat, though some of them wcronearly two 
V^-tcttrn's I.;.!. ■.h^ci'K-r hadntXat all&ded. L^son says that the coloring fluid 
vt\ ■vli.'d ^v tbtr tiiathi-ja |M^<^e« through the same changes of light and shade 
^ t>o »vi\'w;vv' cvU'r* dA With alkalies, it becomes blue; with acids, red. 

^>atv «i'tLT* include A;-'yiia Aeptdamt and Sealaria cl-athna among the 
(•H't'-v* fiiVt-^uii!^ but ihb i:^ doubtful. It is true that the aplysia sometimes ■ 
vvitiitttfi.v. .ilwitvd wkfB alarmed, does emit a beautiftd purple fluid, aad, in the 
ItviiT •."*«■. i'l such (lOittititiee as to color the water for several yards around. 
t>x>NtMv tbc itur)dt< tluid, in the case of the eheU-fisb, is anaji^us to the 
-A v'l' 1^"' tfunloti.-A. the concf«liug and protecting provision of the otherwise 
il> ivuvvtt'-u* on'AiHrc. 'l1>o fluid ia colored at the moment of its ejection, but 
i""!- mil 1' I'l "I'jl^" d«r»cioD. The fluid of the Sealaria clalhrut is still more 
^.>.i-i.«i'iiit- l'»wv' aid fxposure to light dischai^ng it entirely. Of the Pfci»- 
,„,\.» .-■'■•."•-I WMIiit WYS! "If you put salt, ginger, or pepper into its month 
,. \ v-KU H i>ui)>U> fluid, but tho color ia so evanescent tlut we know of no 
,.v v' »>n tb «i ^--ii fix it." 

Vi iu\.«'iil «i^ art' Mc<|uaiQted with a great numbei'of purple-yielding sbell- 

, .^ t'.x v>\' v'Mittu'i itU'uiiiy any of them with the purple sea-enails of the an- 

., ,. V iKo tU-^t'iiiniiDi* M\ ua by the old writers being too- genial and vagu&. 

t . 'ut v'Vikt l»uii lUnei'uft has industriously experimented with the dyeing 

,. ., ., >.»i>>li> vA ■tiaili), and he asserts that they yield a fluid which snrjiaBseB 

V.' ' ' ' v'1'1' 'u Hiitiiml nature, nliko'for the brilliaDcy and the permanency 

". , .^v Hiid li>r tlio llii'ility and simplicity of its uae. Within the fie h, or 

, , ,. ., ■ I'.ii. yl li«'i« iti 'hi> fluid has a creamy appearance, or, as Reaumur 

\ ", , n. ,>i>il'li'« H Willi -developed pus. The textures to which it is ap- 

\^, , . il> <t I'l' " tlj-hl. then of a darker ^rccn. next blue, and acquire 

1 \ . ,. "i vl..'|> I'l" I'll' lint, inclining to crimson. According to Bancroft, the 

.. .iiv I'VinH"" "'' tl'" colors are as beautiful as they are remarkable. 

I ...-•« u.ittt'iHil chemical agencies, whethermineral acidaor themoBt 

'"' ^" '^,>,, ^,t,( tiuiv NuMoot this ptirple to one change — wash the fabric in 
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Btrong soajisvds and the pajP^e becomes a ma^ificent and permanent crimBon. 
Dyed with this eingalar fluid the liibric paseea tbtongfa all the prismatic changes 
of color of which we have spoken, in a vbiy few minutes ; and if exposed to heat 
as well as light, the changes are so rapidly effected that the eye can scajcely 
appreciate the passing of one hne into another; bnt if, on the contrary, light 
bo completely excluded, the first pale, yellowish green will remain uncnongcd 
for years. Bancroft proved thia with some linen thns dyed, and kept for nine 
years in the dark. 

As to the causes of the changes of color they are cot clearly nnderstood. 
Berthollet thinka that the coloring matter absorbs oxygen. Bancroft attribntes 
the effect to light. Ho justifies hia opinion by reference to the coloriog of prints, 
flowers, &c., which coloring is known to take place, not from warmtli, but from 
light. It is by the mere exclusion of light that we bleach, for instance, endive 
and celery. 

As far as we are at present informed, the chemical nature of thia coloring 
matter is as little known as the modus optrandi of its successive changes after 
being applied to a textile material. Highly as Bancroft and others have praised 
the purple, it has had its Jay of popular favor. For dyeing fine muelms, and 
as a marking fluid, purple is still occasionally used. Even as long ago as the 
thirteenth century, scarlet, from Kermes, instead of purple, was the adopted 
color of tlie Hungarian magnates. Our nnmerona dyestuffs, and our facile and 
economical dyeing processes, render us independent of the ancient purple. 

With the revival of science and art from the ^ecadcnce into which they had 
imnk, during what are not unjustly called the dark ages, dyeing, like other arts, 
started into new, vigorous life, lill the fifteenth century, and still later, Italy 
bore away the palm in the art of dyeing, for which Florence and Venice were 
eapecJally renowned. The discovery of America gave a great impulse to the 
some art. dyealufis being furnished which were entirely ankiiown to the Flora 
and tho Fauna of the Old World. From the Italians the mastery in the art 
passed to the Flemings ; and when the religions persecutions by Spain drove 
the Flemings into exile, these latter carried their art into France and England. . 
It was a native of the Netherlands, Oomelina Drebbel) by whom, in 1650, the 
discovery was made that cochineal was capable of yielding a dye far surpassing 
in beauty the purple of the ancients. Drebbel was at work in his laboratory, 
when an accident having thrown some aqua rtga over the tin fastenings of the 
window panes, and thence into a bottle full of an aqueous infusion of cochineal, 
the latter on the instant assumed that munificent scarlet tmt which is now 
so well known. Drebbel was too acute and too reflecting an observer to neglect 
such an indication, and from that time cochineal has played an important part 
In the artof dyeing. 

Modem chemistry, however, has done more for this art in single years than 
had previously been accomplished in centuries. Pure and effective mordants 
and mineral colors have wonderfully Shanged both the laborious and the eco- 
nomical processes of the art. Colored garments were formerly the external sign 
of rank or opulence. At the present day, thanks to the labors of men of ecience, 
the man who wears tho homeliest and cheapest garb, as to quality of fabric, may 
yet wear it of the moaf tasteful color. Chemistry, however, is still making and 
will long continue to make still further improvements in this art. as in others. 
One of the latest acquisitions thus made by the secluded men of the laboratory 
H that of the mach-valued coloring material known as 

MCRBXINB, (MUREXIDROTH.) 

This color is extracted from the nretric acid contained in nrino. 
The ancient^cpts, or alchemist?, carefully analysed that fluid, in which in- 
deed they souJP tiicir arcanum, and in the course of their ozpeiimenting they 
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produced volatile alkali, and pbosplioretic ammooin itatroD. The laet named 
Bait was probably known to the anciente, and need by them in eoldering metals. 

The uric acid wbich now ia so importantly utilized in urine, or ratber in uric 
calculi, was found by Scbeele, in tbe year 1776, wbicb are, for the most part, 
composed of that acid, itself a component part of the urine of all carnivorous 
animals, and perhaps of all animals having a renal secretion ;* being in the ex- 
crement of birds, snakes, and even in that of caterpillars, snaits, &c. 

Scheele remarked, that a solution of uric acid in acid of saltpetre left, when 
evaporated, a red sediment, and wonld stain the skin a fine red color. In 1818, 
Prout, by the action of ammonite on a solution of nrctric matter in acid of salt- 
petre, discovered a material which he culled " purple acetic ammoniteum," on 
account of its splendid color. Ho tbus descriMs tbe process of producing it: 
Pure acetic acid and acid of saltpetre are mixed witb an equal volume of water 
and gently warmed till solution takes place and strong fermentation is practiced. 
The superfluous acid of saltpetre is then diluted witb ammoniffium and the 
whole reduced by evaporation. During the operation the color gradually 
changes from purple to red, and through numerona shades of dark red. Green- 
ish granular crystals are precipitated, which consist of purpuric acid and am- 
moniEBum. This reaction is remarkable, and so positive that .chemists hare 
long availed themselves of it to detect the presence of uretric acid in any organic 
substance, for this characteristic coloring only takes place in the way mentioned 
and where uretric acid is present. 

Liebig and Woehler, in 1837, also produced this brilliant colored matter 
while experimenting on the changes of uretric acid under the influence of oiyd- 
ating matter. It appeared in the form of small crystals, or short four-sided 
prisms, which when held up to the sunlight appear of a rich gamet-red color, 
changing, under a reflected light, to a greenish metallic splendor not unlike that 
of the wing of a roee-chaficr. Those chemists believjng Prout to be mistaken 
as to the chemical composition of this beautiful colored material gave it the 
name of " murcxid," from murex, tbe purple snail. It is not formed directly 
from the uretric acid, wbich is first converted into aloxan and aloxantine by 
means of acetic snltpetre. These are two colorless combinations of little dura- 
bility, but, acted upon by ammonisum, they exhibit the purple-red coloring. 

Prout produced several compositions from purpuric acid and other bases, such 
as lime, quicksilver, and oxyde of zinc, and ail such compositions were remark- 
ably beautiful in color. He also claimed that some of those compositions can 
be utilized not only in painting, but also in the dyeing of wool and other tex- 
tiles, but his statement contd not immediately be acted upon. In the first 
place, his description wps so vague and general that experiments often failed 
when based upon it. Then tbe temperature, not less than the concentration 
of the fluid, is of great importance iu producing the result, which often is very 
dificrent even when tlic accurate prescription of Liebig and Woehler is followed. 
Moreover, in Prout's time the raw materitd was insufficient for tbe production 
of a large and constant supply of this dyestnff. It is true that, as we have 
stated, tlie uretric acid is furnished by many species of animals, but it is fiir- 
nishcd only in veiy small quantities. Man, for instance, secretes only about 
one-third of a drachm of it in twenty -four hours. The excrement of birds is dis- 
tinguished for its great proportion of uretric acid ; it is ^ part of the weight of 
dried pigeon's dung. But that could not bo produced in large quantities any 
more than the excrement of snakes, which consists chiefly of uretric-ncidicol 
salts. 

• Millions of dollars are annnolly paid for ^ano by the fannera on both aides of the Atlantic, 
yet Ihey, for the moat part, snlTer ibe urine of their live alork losiiikiueieMlj into the rronnd 
or U> pollnte and empoison tbe air, Tori^ltliig, if they erer knew, that gtiano is only mora 
Talnahle than the nunnro of the funn-yord or the stable because birds h A no urinaiy nii 
mge, and therefore their fecal ezcroment contutu all the uretric salts. l^-nalalfrr ' V 
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If even the chemista were insufficiently supplied with the raw material, still 
less coald it be procnred for the pnrposen of indnetry. Id Pront'e time, the 
cost of a pooad of OTetric acid was from thirty-two dollars to forty-two dollars 
and forty coats ; it can now be bought for from two dollars to two dollars and 
fourteen cente, though it is not in a chemically pore state. This great redac- 
tion, which enables the manufacturer and artisan to be plentifully supplied with 
murexid, is owing to the introduction of 



This substance is imported from Peru into various parts of North America 
and Europe, at the rate of between one and two hundred tlionsand tons per 
annum. Guano ia found in vast quantities in Fern and on many of the ciiffii 
and isLinda in that port of America between the 13th and 21st degrees of south 
latitude. It is the excrement of sea-birds, and contains as much as four per cent, 
of urctric acid. In those regions the sandy soil could be but unprofitably cul- 
tivated without the aid of guano. It is known that as early as the twelllh 
century manuring with guano was practiced there. Under the Incaa, guano 
was considered so valuable that killing the young birds on the guano islands 
was punishable by death. 

£ach of those islands had its superintendent, and each island was aflsigned 
to a particular province. From 6,000 to 7,000 tons were annually used in Peru 
alone ; and when Alexander von Ilumboldt was exploring America, there were 
as many as fifty small coasting vessels employed exclusively in the transport 
of guano. Humboldt took some samples to Europe, where they were analyzed by 
Klaproth, Fourcray, and Vauquelin. The celebrated traveller and writer also 
published what he had learned as to the importaace of guano to agriculture, 
but for some time bis words remained unheeded. In Germany, Liebig's call 
upon the cultivators of the soil failed to stir them into activity, and it is even 
now insufBciently used, even by England, whoee severely worked land more 
than almo)t any in Europe requires such a return of the elements of which 
years of grain-growing have deprived it. 

Liebig and Woehler were the first chemiate to experiment on gnano. In the 
course of their inquiries on the subject of uretric acid they had often been em- 
barrassed by want of material ; ihey therefore requested William Kind, an 
apotbecajry of Bremen, to procure them some, and in due season received a hun- 
dred pounds weight from Valparaiso. So much have agriculturists been enlight- 
ened since that time, tlin,t, in several European countries, guano is an article of 
considerable yearly importation, and the raw material of uretric acid is never 
wanting. And such la the potency of modem chemistn' that guano, so highly 
offensive to the nostrils in its raw state, ia made to yield some of the moat deli- 
cate of the perfumes which are used by the fair and the fashionable. A greater 
contrast than that presented in this case by the raw material and the article it 
is compelled to yield can scarcely be imagined. 

The first attempts to render the murexid available for dyeing purposes were 
made by Socc, in Alsace, that high school of the art of dyeing; and he suc- 
ceeded in giving to wool an amaranth color far more beantiful than that obtained 
from cochineal. This induced Schunbcrger to try a new course of experiments, 
in which, if he did not entirely suceced, he at least aaccrtained that white tex- 
tures could be thus dyed both handsomely and durably. Socc maintained on 
thif occasion that the coloring matter of the cochineal, the kermes, &c., has 
some connexion with murexid. He claimed to have discovered that birds, and 
especially those of brilliant plumage, the parrots, for instance, while they ore 
moulting, secrete scarcely a distinguishable trace of uretric acid, but secrete a con- 
siderable quantity oa soon aa they recover their full plumage. What, then, 
becomes of the utctric acid when it ia no longer excreted from tho body t 
26 B 
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Mny it irnt he BKi^mnrpbnwd into some otlicr BubBtauce which, like the alloxan, 
ia cajulle vif (JvcirjTih^ f.-aihersl These questionB are only suggested, and 
we are aoi as vol t:le to supply the answers ; bat this hypothesis, if adopted 
with refruii i.. b-Liis, mast also be extended to reptiles, insects, Sec. 

Th<- csresu i* diiw a furorite dyeing material, strongly competing even with 
tochinc aL tjcnoany. as nsnal, was the lost to adopt it. In a u5w and littlo 
known yr.>re?s iiu.~;^c? are quit* natural. When this new dyestuff first made 
'** i»P!-;'aru::ci> as an article of trade, nndcr the names of purple carmine, purple 
innris;^-.-, ,-r fA^io mnrcxide, it was in the form of a dirty -brown pulp. Though 
*t #• .-i a^ h;;h a? S4 80 to $6 the pound, it was a very inferior quality, 
aad in mi^v cAjt? contained not more than from foqf to five per cent, of the 
niar\ s;^. i^t- cnrse, this inferiority arose from imperfect preparation. 

To r'XTrao! nrviric acid from guano, the latter must be moistened with diluted 
*ci'.i o: f,i!i, a:nl warmed. The calcareous salts and everything soluble in water 
■^ acids is If m.ived, while the nrelric acid, with a not inconsiderable quantity of 
^*B'i a:>il othcradnlterations, remains. The well-washed residue is then put, 
>n s'Iim!! qnaiitiiit^, into acid of saltpetre of 1.45 specific gravity, and the vessel 
most be kept rold. Only when the fermentation snbsides should more uretric 
**■>« w sddfd. By this procedure alloxan and alloxontine are obtained. But it 
•"nsi m*i bo furgotton, that, as it is impossible to hit upon the exactly correct 
qiiamiiy of the acid of saltpetre, we should always have a surplus of the acid 
M baud, Ii muiit be remembered, too, that very noxious fumes escape during 
t*^ <'vai*<*niiion of the solution. The above-mentioned chemical products of 
wrx' aciil stiHvr a further decomposition, and form combinations destitute of 
n>Hre\id, To avoid this, it is necessaiy that to the eolution of uric acid and 
•fid of iMln>ctre there should, during the evaporation, bo an addition of ammo- 
mx-nm, Miursid may be formed wiihnut that addition, but always at the ex- 
^Xiiv ol' the alloxan and alloxautine ; for if the ammonseum be absent during the 
<'\-Aiv>r;«>kni, the alloxan and alloxantine are required to supply its place in tho 
cWtw;\-;»l pnxluction of murexid during the evaporation ; and, moreover, the 
A■>^>^n)lv>.-iiIiou just spoken of continues, and we run the risk of having the 
iK'AT^'Mil destroyed as fast as formed. 

VSo uinrexid must not be suffered to crystallize ; the solution is to be evapo- 
i>th\l v'lily to the consistency of a pulp. In the whole pracess there should be 
^Vv- u:ui<v~i rare observed that only the purest and best murexid be produced. 
I'V l-'^h piice of tho pure article wonid bo more than compensated by its 
^i\\k'.t-r i-lticncy in dyeing. All textUc fabrics, silk, wool, cotton, and flax, 
uMV Iv ilvtil with murexid, which b also used in cotton printing. Tmly splen- 



s itre obtained bv using the oxmnriate of mercury as the adhesive 
iuv.->i;u'u. We are obli™d, however, to confess with regret that the murexid red 
c^lI■■i^'l i><uiiuire with the ancient purple as to durability. Samples on which wo 
iivinMiuoiiti-d with the usual re-ageut 8 lost theircolors, however bcai;tifiil. We 
^li> ii<'( '^['■.vtk of such re-agents as the corroding alkalies and potent mineral acids 
** Imti WkKdd affect, and in our experiments did affect, black no less than mnrextd 
r\d. Uui thi* latter faded under the application of even weak vegetable acids, 
-tut:!) tK vini'^ir, lemon-jutcc, &:e., and even perspiration left visible traces upon 
ijii' tiiUoUi' tincture. Here, no doubt, are considerable defects; but it is to bo 
!i.iiit'Lul.>i.'i'<.-tt that tho whole art of dyeing with murexid is as yet in its infancy. 
;:\, .1 -Aw .un-ivnt purple was not indestructible, and in the present day tho 
'1-1. i:v' ,ii ui.iinl i* not for indestructibility, but for cheapness. If the color plcaso 
ii- .'Vi' ,iiid Uk' price per yard bo low, little is thought about the durability of 
■iu i'.'i.\-. T'.mi'amilho progress of chemical science will doubtless remedy 
'.i<.' .'.• .>'i>:i ^;>oken of, aiuce llicrc can be no question but that this color is sus- 
,1 ., '.v' 1 4u'at improvement. If the murexid be precipitated from its solu- 
;. ..- % atL.iIin; SjJts. M, for instance, oxymuriate of mereury, or salts of lead 
.. -_n:^ *<:iv litMUlitul lao colora are obtained, which can be used^or th&ijauit- 
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ing or priutiag of papcr-bangiogs ; and quite a new field ia opened to tho djer 
imd printer of textile fabrics by the affinity of tbie coloring material forvariooB 
metallic ealts. Not only ecveral beautiful abadefl of red can be produced with 
it, but alflo yellow, "blue and violet. 

And thus it ia tbat our aober and utilitarian day ateals one by one its glories 
from boar antiquity. What tbe migbtiest and baugbticat magnates of tbe olden 
day claimed as tbeir cscluaivo privilege bas now become common property to 
tbe humblest as well ae to the highest. A striking proof, this common pro- 
perty in beautiful colors, of tbe superiority of the present age in its utilitarian 
tendencies to ibat antiquity which we so highly, and, in a piwely astbctic point 
of view, 80 justly, glorify. The animals which supplied the ancients with their 
costly purple are perfectly known to us and easily obtainable, but we cast them 
aside, becauae wc can more readily obtain our objects by other means. Whether 
the mnrcxid be the very "purple" of the ancients is a question fairly open to 
discussion ; but that it is so isoy no means improbable. We know that uric 
acid is a constituent of tb^ common snail, and, it is not unreasonable to suppose, 
of the purple snail also, though the fact he not experimentally proved. Putre- 
fied urine, added to tbe fluid of snails, furnishes ammonia; bo that the ingre- 
dients for the formation of murexid are certainly present. 

Should the murexid red he still supposed inferior to that resplendent punile 
which the old writers so eloquently extol, let it not be forgotten tbat the skill 
of the dyer was of old limited almost to that one really splendid color, and 
that our modem wealth of gorgeous colors and delicate tints was then not 
dreamed of. Conid we place onr murexid, however, side by side with the true 
Roman purple, the former probably would not lose by the comparison. The 
glories of antiquity, tike the prestige of our modem great men, might lose not 
a little of their illneioa were we placed in closer contact with them. 
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METHOD OF PRESERVING LEPIDOPTERA. 



rsEPAKED roK TUB RMITIUiOKUa I 



Thv difficulties in the preAerration of zo&logical collecdonB geaenUj axwe 
from two caUHea, namely, moiatorc and deatntctivc inaecta. 

To guard wainat the effects of moisture requires so little ingennitj tbAt I 
shall merely allude iucideutolly to the neceitaity of dryiug the Bpecimeus veil 
at first, and then ketmine them in dry places. 

The grcutcat of all difficulties to guard agaiuat, particularly in thb csuDtry, 
is tlto voracity of the destructive inaects bclouging to the entomological families 
of DermCMtida and Tineidrt. Thitsc are the worat enemies of the aoologtcal 
curator, as well na the fur-lrodcr and careful bouscivife. 

Tinea tapetzella. the clothes moth, which troubles the housewife and tbe 
clothier, dot-s not disturb the entomologist i coDBcqaeuUy the whole of this 
family may here bo passed br in silence. 

DermetUt lardariiu (the bacon beetle) and Aatkrenv4 mtutxomtm (mnseum 
buttle) aud their coagcners are the great dcprcdatora. In the time of the 
I'horaohs of Kgypt they destroyed the mnmmiua which were intended to last 
through all time, and now in our day they destroy £he epecimena with which 
we hope to enlighten posterity. As tl«;y have been known for centuries, nu- 
merous poisons and various devices have been resorted to in order to destroy 
thorn, but thev remain as numerous as ever, being naturalized and abnndantly 
propagated wherever man has made his rex ting- place on the earth. 

lu early life I was a devoted student of nature, an industrioua collector of 
specimens, and a somewhat oipcrt taxidcrmiat. It is. however, needless to 
record tho fact that I lost my specimuns, like others, almost as fast as they 
wore colh-cled, and, as a last rosimrcc, I was compelled to undertake a careful 
study of tiio Imbits of the enemies with which I had to contend, iu order to Icam 
tho meuus of subduing them. 1 early found that substances containing albu- 
men or gelatine stand but littlo chance of escaping tho ravages of the Dermtt- 
tidtt, and must ba destroyed, sooner or later, by their attacks, whether moist or 
dry, unless chemically changed in character, or kept by some mccbanicol ar- 
rangement beyond the reach of tho insect. I say chemically altered, because, 
as in the case of g<*lntine soaked in corrosive sublimate, the coagulation of 
tho material, which is a chemical change, so altera tho matter as to render 
it uo longer a proper food fur tho insect. The means of protecting, therefore, 
must be adapted to the kind of spccimciia to be preserved. Our present object 
is principally to describe a succoi^sful experiment in preserving LepidopUra, and 
to this subject we shall chiclly confiue our remarks. 

Tho vapor of camphor, and tho essential oils generally, arc sickening or fatal 
to the pi-rfect insects of the f.uuily Dermeilida, but have little or no e&ct upon 
their eggs or larvrc ; consequently, although those perfumes iu close cases aro 
useful 10 keep out the parent insects, they will not destroy the progeny after a 
ludgemtnit bos once beeu attained. Tho several species of this family, unlike 
most olher iusccts, have no fixed period or season for depositing their cgga, and 
ctHisequeutly require to bo vigilantly guarded against at all limes. They are 
about ono your in allaiuiug their full growth, in which time they cast tbeir skins 
four or live times. Tlu-ir feet, tliough armed with claws, are unfit to climb oa 
a hard sioooth substuuec like that of clean polished glass. They spin no silk, 
aud iheiiifun cauuut, liko many caterpillars, construct a fibrous Udacc to^qlimb 
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ap the flBmfi BQiface. Upon tbrae simple facta I based plana for the preserva- 
tion of LepidopUra as loDg ago as 1SS8, and siuce then no specimen which I 
have wished to preserve has been touched by Dermette*. 

For collecting insectB I have generally foand the case' described by LeVal- 
liant, during his travels in South Africa, the moat convenient. This principally 
consists of a box filled with perpendiculur slides covered with cork, to which 
the specimens are pinned, ana a horizontal drawer at the bottom to receive. any 
epecimcns which may be disengaged from the slides daring transportation, and 
thus preventing it from damaging thode which remain on the slide. The spaces 
between the elides being all open below, a single bag of camphor placed in the 
drawer will diffuse its vapor throagh alt the compartments, and thus prevent the 
attack of ants, roaches, and other large insects which prey, especially in tropical 
countries, on the fresh specimens. By placing the specimens on the perpen- 
dicular slides, tile-fashion, I have found that double the number conld be ac- 
commodated, while additional security was gained by this arrangement from 
the danger of the loosening of the pins by the jolting of the box. 

In the preparation for the cabinet I begin by pinning the specimens to bo 
preserved in the order in which they are finally to be preserved on the bottom 
of a shallow bos, lined with a thin layer of cork, or, better, of balsa-wood, which 
is easier penetrated by the point of the pin. This box must he of precisely the 
aame length and breadth as those which are to form the permanent cases of the 
cabinet. Wlien l\\6 specimens have been ar- 
rnngod in the order to enit the taste, and so that 
one may not overlap the other, the boK, with its 
contents, is transferred to an oven, which I also 
invented in 1828 for this special object, but 
which has since been used, generally by chem- 
ists and others, for a variety of pnrpoaes. It is 
surrounded and heated by boiling water, the 
temperature of which is sufficient to kill the 
eggs and ihc larvm of the Demaln, but is not 
sufficient to injure the specimens of butterflies, 
moths, &c. The specimens are kept in tbig oven 
several hours, or dnring the night. {Sec Fif{. 1.) 

After the specimens have been sufficiently 
baked I lay a clean pane of plate gla^s imme- ^. 

diately over the specimens, which, resting on *' ' 

the perpendicular sides of the hex, does not touch them. On the upper side 
of this glass plate, .face down, and directly over the pin securing each specimen, 
I attach, with fish-glue, (isinglass,) a circular piece of paper, about a quarter 
of an inch in diameter, containing a printed number. The size of the glass 

Slates which I use, and find most convenient, is eight and a half by ten and a 
alf inches. It is commonly imported, and used for cheap mirrors. It mast 
be cleaned with dilute nitric acid, or the surface will be liable to become foggy 
in damp changes of weather. 

Next smsdl cylinders of cork of the same diameter as the papers contain- 
ing the numbers, and just large enough to support the specimens, arc cemented 
to the glass plato directly on the top of each of the paper numbers. The cement 
used for this purpose is composed of about equal parts of resin, beeswax, and 
chrome green, melted, for convenience, over a nurseiy lamp placed on the table 
beside me. The pieces of cork are dipped into the composition, and while the 
portion of the latter which adherus is still liquid, they are attached to the glass 
in their proper positions. 

The next operation is to attach the plate glass to a wooden frame, thus form- 
u)g s shallow box, of which the glaas plate will be the bottom, having the 
Dumbers and cork supports oq the inner side. This frame is mode of strips of 
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white pise, ready planed by the carpenter, to the dimenBionB of one inch and 
an eighth in width, and three eisteeatha of an inch in thickness. 
These alipa are cat to the proper length, and fastened in the form 
of a rectangle by common pios at the comers, aa shown in Fig. 2. 
Previous, however, to forming the slips of wood iuto frames, thej 
are coated on all sides with tinfoil, which is attached by means of 

ijj the cement above described, omitting the coloring matter. I find 

g^ 2. '^ convenient to keep on hand while preparing these cases a Supply 
of tmfoil, cdsted on one side ready, when required, to be cnt into 
slips of the proper size. The coating of cement is put on by means of a bmsh 
dipped into the melted materia). 

Another plan,and I believo thebestone,is to have thecement enclosed in amus- 
linbag, whichmay be tied to the end of a short stick; the tinfoil ta to be spread out 
on a hot iron plate, say the top of a stove, when tbe 
j bag containing the cement is rubbed over its surface, and 
I the heat being sufficient to melt the wax and resin, the 
foil may bo evenly coated, and on removal from the hot 
metal plate, as it cools quickly, may then be rolled up 
and kept in readiness to be cut in suitable pieces for UBe. 
Fig. 3 ezhibita a box thus formed, of which a, &, c, 
d are the wooden eides covered with tinfoil, and e the 

glass plate, ou the inside of which are placed the paper 

numbers covered by the cork supports. The next step 
"*' in the process ie to transfer the Dutterflies in tbe pre- 

liminary box to their several supports on the glass plate, and to securely pin 
them to the cork so as not to fall off in tbe ordinary handling of tbe cabinet. 
After this the box is to be permaneutly closed with a glass cover of the same 
dimensions as the one which forms the bottom, and the whole fastened air-tight 
by means of tbe tinfoil. By this arrangement the specimens are hermetically 
sealed between two parallel panes of plate glass, which allow the under as 
well as tbe upper surfaces of the insect to be seen, while the whole is preserved 
from atmospheric changes and the ravages of insects. 

The cases containing tho specimens arc now fumj^bed, so far as the means of 
preserving the contents are concerned, but this case itself requires to be guarded 
from injury and kept free of dust. For 
this purpose it is placed in an outer case, 
which I prefer to make in the form of a 
book with covers, which, on opening, ex- 
hibit tho glass plates and the contentsof 
the case. On the inner surfaces of these 
covers I write, or print, the names of tbe 
specimens therein contained. 

All the cases which form tho whole 
cabinet are arranged in an ordinary book- 
case with glass doors, and when properly 
omamcntbd ou the back resemble a scries 
of large octavo volumes. ' The cases 
r- • should always be kept like books in acase. 

in an upright position, and never allowed 
to lie on their sides, except when in use. Tho reason for this will be obvious; 
the perfect DermtMlct might find a small hole in the tinfoi^ wherein to enter, or, 
deposit its eggs; but should tie glass bo upright, neither tbe old nor the young 
depredators would be able to climb up to the specimens, which they possibly 
m'gbt reach if the cose should lie on its side. 

Thirty-five years' experience wiih cases made as above describodios proved 
the correctness of the theory of their construction. LilHU^lc 



AN ACCOUNT 



A REMARKABLE ACCUMULATION OF BATS, 



PROM rORTUUAL TO THE 



In tlie winter of 1859, having purchased the property known as Seneca Point, 
in the margin of the Nortlieast river, near Charleeton, in Cecil county, Mary- 
land, we look poBBeeaion of it in May of the next year, The dwelling is a brick, 
structure, covered with slate, in the form of an J_, two storied, with garret, cel- 
lars, and a stone laundry and milk-hotiso attached. Having been nninhabited 
for several yeais, it exhibited the appearance, with the exception of one or two 
rooms, of desolation and neglect, with damp, hlack walla, all quite nneipeeted, 
as it had heen but very slightly examined, and was represented in good habitable 
condition, merely requiring some few repairs and a Utile painting. 

The boxes, bundles, ana other packages of furniture which had preceded us, 
laid scattered around and within the dwelling; these, with the exieption of some 
mattresses and bedding for immediate use, were hastily arranged for unpacking 
and placing in order at leisure. The weather, which was beautiful, balmy ana 
warm, invited ua towards eveaing to out-door enjoyment and rest, after a fatigu- 
ing day of travel and active labor; but chaira, settees, and benches were scarcely 
occupied by ns on the piazza and lawn, when, to our amazement and the horror 
of the female portion of oar party, small black bats made their appearance in 
immense uumbers, Qickering around the premises, rushing in and out of doora and 
through opened windows, almost obscuring the early twilight, and causing a 
general stamp^e of the ladies, who fled, covering their heads with their hands, 
fearing that the dreaded little vampires might make a lodgement in their hair. 

Thin remarkable exhibition much increased our disappointment in regard to 
the habitable condition of our acquisition, and was entirely unexpected, inas- 
much as the unwelcome neighboi-s were in their dormant state and ensconced 
out of sight when the property was examined previous to purchase. With 
their appearance, and in such immense niimbeis, the prospect of immediate in- 
door arrangemint and comfort vanished ; the paramount the ui^ent necessity 
was to get rid of such a nuisance aa quickly aa possible, and the question was 
hy what means could this be accomplished. Our scientific friends and acquaint- 
ances both in New York and Philadelphia were consulted, various volumea of 
natural history were examined, in order to ascertain the peculiar habits of the 
vermin, but we derived no effectual consolation from these sources. One of 
our friends, indeed, sent us from New York an infallible exterminator in the 
form of a recipe obtained at no inconsiderable cost : strips of fat pork saturated 
with a subtle poison were to be hung up in places where the annoying " crea- 
tures did most congregate"— of this they would sui-cly cat and thua "shuffle 
off their mortal coil." How many revolving bat sensons it might have required 
by this process to kUI off the multitude, thC'Ui^ency of the case would not al- 
low ua to calculate, and the experiment was therefore abandoned. 

Evening after evening did we patiently though not complacently watch this 
periodical exodus of dusk^ wings into light from their lurking-places one after 
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another, and in some infltances in couples and even trebles, accordbg as tbe size 
of tic holes or apertares from which they emerged in the elute roofing would 
penniL Their excorBions invariably commenced with the cry of tbe " vrbip- 
poorwill" both at cominz evening and at early dawn, and it was observed that 
they always first directed their flight towards tbe river, nudoubtcdly to damp 
their moose-tike snoats, bnt not their spirits, for it was likewise observed that 
they returned to pUy hide-and-seek and indulge in all other imaginable gam- 
bols ; when, after gratifying their love of sport and satisfying their voracious ap- 
petites (as the absence of mosquitoes and gnats testified) they would re-enter 
tbcir habitation, again to emerge at the first signal of their feathered trumpeter. 
I thus ascertained one very important fact, namely, that the bat, or the species 
which annoyed us, ate and drank twice in twenty-foar hoars. Such appeared 
their habit — such, therefore, was their indispensable need. Upon ascertaining 
this fact, after having tried sufibcation by the fumes of brimstone with only 
partial success, I concluded to adopt a more efficient plan of warfare, and for this 
purpose commenced by causing all the holes, fissures in the wood-work, and aper- 
tures in the slating to be hennetically sealed with ecment This put a stop to 
their egress, butto avoidtheirdyingbystarvationanddcprivationof water, which 
would much increase tbe annoyance by adding their dead to tbcir living stench, 
I ordered apertures of about two feet square to be opened in tbe lathed and plas- 
tered partition on cacfa side of the garret windows and also in the ceiling of 
every garret room ; lastly, when tbe bat's reveille was sounded by the bugle 
of the whinpoorwill, all the hands of our establiebment, men and boys, each 
armed with a wooden implement, (shaped like a ericket-bat,) marched to tha 
third floor "on murderous deeds' with thoughts intent;" a lighted lantern was 
placed in the nJIddln of one of tbe rooms, divested of all furniture, to allure the 
hidden foe from their strongholds. After closing the window to prevent all 
escape into the open air, tbe assailants distributed themselves at regular dis- 
tances to avoid clubbing each other, awaited the appearance of the bats, enticed 
into the room by the artifidal light and impelled by their own natural craving. 
The slaughter commenced and progressed with sanguinary vigor for several 
hours, or until brought to a close by the weariness of dealing the blows that 
, made the enemy bite tbe dust, and overpowered by the beat and closeness of 
the apartment. This plan succeeded perfectly. After a few evenings of simi* 
lar exercise, in which the batteurs became quite expert in the use of their weapon 
every wielding of the wooden bat bringing down an expiring namesake, the 
war terminated by tbe extermination of every individual of the enemy in the 
main building. However, there still was the cock-loft of tbe laundry, which 
gavo evidence of a large population. In this case I had recourse to a plan 
which had been recommended, but was not carried out in regard to the dwelling- 
house. I employed a slater to remove a portiou of the slating which required 
repairing. Tliia process discovered some fifieeu hundred or two thousand bats, 
01 which the larger.nnmber were killed, and the surviving sought the barn, trees, 
and other places of concealment in tho neighborhood. 

In tho main building nine thousand six huudred and forty bats, from actual 
ooanting, were destroyed. Tbts was ascertained in tho following manner : (U^r 
tbe battling of each evening tbe dead were swept into one corner of the room, 
and in the movning, before removine them to the manure heap, they were care- 
fnlly counted and recorded ; many bad been killed before and some few after 
tbe reckoiiing was made, and were not included iu it, nor were those killed under 
the adjoining lanndiy roof. The massacre commeuced by killing fewer the first 
evenings, the number increasing and then diminishing towards the e^d, but it was 
generally from fifty or a hundred, up to six hundred ond fifty, the highest 
mortality of one evening's work, dwindling down to eight, five, three, and two. 
This species of bat is generally small, black, and very lively ; some smaller 
than the ordinary size were fouad, probably young ones, and one or two larger, 
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Buppoeed to be graadfathera, of a reddish bne, which traa thought to be from 
age. These vermin are generally more or Irb8 covered with a Bmall-eized bug 
not very disBimilar to the common chinch, but of a different species. As pre- 
vioualy stated, the bat has a very disagreeable odor, which also pertains to ita 
ejection. 

The m;inurc as well as the bodies of the slain was used to fertilize the flower- 
ing and vegetable garden, and thus, in some degree, ihey sencd to compensate 
UB for the annoyance to which we had been subjected. The manure, however, 
required to be applied with caution, since, if used in too large a quantity, it ap- 
peared to burn the organism of the plants. 

To remove the very disagreeable odor which remained in the upper part of 
the house, various kinds of disinfectants were employed with some advantage ; 
hut the most effectual method resorted to was that of opening holes of about 
four inches square, two at each gable end, to permit a current of air to pass 
through. These holes were covered with iron gauze to prevent the i-e-entrauco 
of any of the remainder of the army of the enemy which might hover around 
the premises. At the end of five years the odor bos now nearly disappeared, 
being barely perceptible during a continuance of very damp weather. 

[The fact mentioned above of the numerous parasites infesting bats is perhaps 
the most revolting featnre in these creatnres. The enormous population of 
Acari found upon their bodies is due to the great generation of animal heat in 
their close haunts, a conditiou conducive to a rapid increase of all kinds of ver- 
min. In this country the common bed-bug (Cimex leeCufarii) is frequently 
found upon their fur. The entrance of a bat, with its precious burden, into the 
open window of a farm-house is the solution of that frequently propounded 
question of the despauing housewife, "Where can the bugs come from}"J 
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ENGLISH WEIGHTS AND MEASUHES 
AVOIRDUPOIS. 





Ortuus. 


DrBchms. 
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Graiiu. 


Dwts. 


Oddcss. 
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Grain 
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24 

480 
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840 
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1 cubic inch of dietilled v 
I cubic iuch of dietilled v 



air, at 02° F — 252.4.16 gr. 

vacuo, at 62" F — 253.732 gr. 

Cubic incbee. 



1 gallon = 277.276. 



: 34.659. 
. 1.7^29. 
: 61.024. 
: 0.061024. 
16.387 cubic centimetres. 

1.00000 parts of gas at 32 F., 29 922 bar., (also at 32°,) become, at 60° F., 
bar. 30 iuches. (ako at 60") := 1.05720 parta. 



1 pint . 

Itiuid ounce 

1 litre 

1 cubic ccntimctru.. 
1 cubic incb 



UGTBICAL SYSTEM KOW IN USB. 
LEKGTB. 

EngliBb raloe. 

Millimetre, (1,000th of a metre) 0.03937 inches. 

Centimetre, (lOOlh of amctre) 0.39371 incLes. 

Decimetre, (10th of a metre) 3.93708 inches. 

Metre,* (unit of length) 39.3708 inches, or 3.2809 fecL 

Decametre, (10 metres) 32.809 teet, or 10.9363 yards. 

Hectometre, (100 metres) 328.09 feet, or 109.3033 yards. 

Kilometre, (1,000 metres) 1093.63 yai-ds, or 0.62138 miles. 

Myriametrc (10,000 metres) 10936.33 yards, or 6.21382 miles. 



or, inottMr 
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SURFACE. 

EngilUb value. 
Centiare, [lOOtli of an arc, or a eqnaro 

metre) 1.1960 square yarda. 

Are, (square decametre and unit of eur- 

fece) 1 19.6033 square yda., or 0.0247 acres. 

Decare,{10ares) 1196.033 square yds., or 0.2474 acres. 

Hectare, (XOO ares) 11960.33 square yds, or 8.4736 acres. 

Millilitre, (1,000th of a litre, or cubic cen- 
timetre) 0.06103 cubic inches. 

Centilitre, (100th of a Jitre) 0.61027 cubic inchea. 

Decilitre, (10th of a litre) 6.10270 cubic inches. 

Litre, (cubic decimetre and unit of ca- 
pacity) 610.2705 cubic incUcB, or 2.3010 galls. 

Decalitre, (10 litrea) 01.027(15 cubic inches, or 1.7608 pts. 

Hectolitre, { 100 litrea) 3.53166 cubic feet, or 22.0097 galls. 

Kilolitre, (1.000 litres, or cubicmetre.). 35.31658cubicfeel,or220.09C7 galls. 

Myrialitre, (10,000 litrea) 353.165Scubicfeet,or2^00:dt>67gaL8. 

SOLID, 

Deciatere, (10th of a stere) 3.5317 cubic feet. 

Stere, (cubic metre) 35.31()6 cubic feet. 

Decaaterc, (10 steres) 353.1658 cubic feet. 

WBtGltT. 

Milligramme, (l.OOOtb of a gramme). .. 0.0154 grains. 

Centigramme, (lOOlh of a gramme).... 0.1544 grains. 

Decigramme, ( 10th of a gramme) 1.5440 grains 

Gramme, (unit of weight) 15.44 grains. 

Decagramme, (10 grammes) 154.4 grains. 

Hectogramme, (100 grammes) 1544 grains, 3.2167 oz. troy, or 3.5291 

08. avoirdupois. 

Kilogramme, (1 ,000 grammes) 32^ oz. troy, or 2,2057 lbs. avoirdupois. 

Myriagramme, (10,000 grammes) 32i||Oz.troy,or 22.057Ibs.avoirdupois. 

Value of mUiitnetrci i» Englis/i incke$. 



HiUimetres. 


EnglUh inches. 


MilliuiBtros. 


EugliebiQclios. 


MiUimclres. 


Enellahincliw. 




0.0S937079 
0.07S74JM 

0. 15741^316 
0. I9CK>:J95 
0.336-^174 
0. ■>7i>59JM 

0. 3i4'Jiiijaa 

0.3.^0711 
0. ;t93J0730 
0. riWJo 

0.7ri74 

1.18II 
1.3779 
1. 5748 


50 

55 

60 

65 

70 

75 

ao 

8> 

90 

fl5 
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no 
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1.7716 
l.llGd 
2.165 
2.:«J 
3..'i59 
3.756 
3.9r.3 
3.149 
3.316 
3.543 
3.740 
3. 9:17 
4. 1:H 
4.331 

41744 


123 

1:I0 
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140 
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150 
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160 

1G5 
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17. 

IW) 

185 
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•HM 


4.941 

5.118 
5.315 
5. 5ia 
5.70rt 
5.1»06 
6. 103 
C.a99 
e.40C 
6.693 
6.890 
7.()S7 
7.y«4 
7.4riO 
7.677 
7.874 
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of drgrea of Centigrade thermotneUrt into thote of 
Fahratiieit'* tctUe. 



Cent. 


Fah. 


Cent. 


Fah. 


CmiI. 


Fkh. 


Cent. 


Fab. 


—100 


—148.0 


—49 


-56.2 


S 


35.6 


53 


127.4 


-99 


—140. a 


—48 


—54.4 : 


3 


37.4 


54 


129.2 


-98 


—144.4 


—47 


-^2.6 


4 


39.2 


65 


131.0 


-97 


— lJi.6 


-46 


—50.8 


5 


41.0 


56 


132.3 


— 90 


-140.8 


-45 


—19.0 


6 


42.8 


57 
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— 95 


— i:(9.o 


—44 


—47.2 


7 


44.6 


58 
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— 94 
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—43 
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8 


46.4 


69 
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— 9a 


— i:~''i.4 


—42 
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48.2 


60 
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— 92 
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—41 


-^1.8 


10 


60.0 


61 
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-91 


— i;ti.8 


—40 


—40.0 


11 


51.8 


62 
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— 90 
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—.■19 
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12 


53.6 


63 


145.4 


— B9 
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—38 


—36.4 


13 


5.5.4 


64 


147.2 


-Brt 


-126.4 


—37 


—34.6 


14 


57.2 


65 


149.0 
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-l>4.6 


—36 


—32.6 


15 


59.0 


66 


160.8 
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—35 


—31.0 


16 


60.8 


67 
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— 65 
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— :h 


—29.2 


17 


62.6 


68 


154.4 


— \» 


—119.2 


—33 


—27.4 


18 


64.4 


69 


i-m;.3 


-83 


-117.4 


— 3-i 


—25.6 


19 


66.2 


70 


K>8.0 
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-115.6 
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-23.8 


20 


68.0 


71 


J59.8 
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-30 


-22.0 


21 


69.8 


72 
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—29 
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71.6 


73 
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-78 
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-27 


-16.6 
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75.2 
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-77 
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-26 


-14.8 
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77.0 
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-76 


—104.8 
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-13.0 
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77 
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-75 
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—24 
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27 


80.6 


78 
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-74 


-J0I.2 


-23 
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79 
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84.2 
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66.0 
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— 70 
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— 2.2 
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69.6 


83 
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— 69 
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—18 
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33 
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84 
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34 


93.2 


65 
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— 67 


— 88.6 


—16 


3.2 


35 
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86 
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— 66 
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—15 
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36 
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87 
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— 65 
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—14 


6.8 


37 


98.6 


88 
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— 64 
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—12 


10.4 
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194.0 
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